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ASTRONOMY

1. BACKGRCUND
The astronomy discipline is intended to exiend the ground based
observational techniques of astronomers to the study of celestial ob-

jects from positions above the earth's atmosphere and, therefon

conditions free from the absior:
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thousand kilometers for observations in the long-wave radic wavelengtne.

. PLANETARY, STELLAR, AND GALACTIC ASTRONOMY
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2.1 Ultraviolet anc Iufrared Astronomy
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Dust between the stars reddens the Licht reaching
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of material could wive rise to the aptical eflfects bhaorooad botuoon
o o
30005 and 10,200, Observations in the ultrevialet ropion wiil

particularly important in establishing the nature of the interstellar
particles, while observations in the infrared region will lead to an
improvement in our estimates of total interstellar absorption.

In recent years astronomers have made numerous observatisns
of the intensity of the brightest stars in the wavelengths betwee:
17007 and 3900°. These observations have alreadyv indicated that the

uanderstanding of stellar atmospheres is surficientiv peor that one

cannot explain why stars emit as little radiation a S
epectral region. Equally puzzling is the fact that <
nearlv identical in wavelengths penetrating Lo the or ol Loowitfer
grzatly from one ancother in ultraviclet wovolengths, Nelther 1 those

1
i

effects 1s understood sufficiently, and more data must be ohiained in
order to understand the problem. Photometric and broadband spectro-
photometric cbservations also contain data which will help te extend
the stellar reddening law to the ultravioiet.

T
i

ficlo and of most radio sources increases with incroasing

throughout the region in which the carth's ionosphere hagins Lo provon.
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near a wavelength of 300 meters.

2.2 Visible and Short Wave Radio Regior

Observations in this portion of the spec
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| 3. GRAVITATION ASTRONOMY
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ULTRAVIOLET AND INFRAREL EMISSION ©

1. DESCRIPTION OF EXPERIMENT

vy

to measure the ultraviclet and

The purpose of this experiment is

o8

infrared energy flux of bright stars located near the ecliptic. Earth-

based measurements of stellar spectra are limited by the atmosphiere tu the

region 3000 8 to about 2.5, although there are some long-wave

bevond 2.5u through which some infeormation can be obtained.

“Measurements extending into the UV and IR regions uoulu greatly
improve our knowledge of stellar physics, even if onily broad-band spectra

could be obtained, such as could be measured with a svster of photometers

and fillers.

2. DESCRIPTION OF INSTRUMENTATION
The instrument comnsists basically of two energy collection svstems,
ach provided with a suitable detector. For the UV system, the collector

apphiire lens which would transmit wavelengths greater than

sctor would be 2 soiar-blind UsTe

>
[
£
W)
[
ot
o
B
o
a
rt
0

w, sensitive onlv to wavelengths

In order to ccver a wide spectrum in the IR it would be best to use
reflective optics, e.i., a gold surfaced Newtonian system and a wide—
band detector sucli as a vacuum therrmoccuple or a bolometer. Iun this

system a filter is required to remove the visual and UV enerpy.

Figure 1-1 1is 4 sketch of tne proposed ianstrument. In the LV
5 PIoL
ens forms an image of the star in the plane of the

the objective 1

which has an opening determined by the desired field of view. The

lens images the cbiective lens onto the photeocathode in order to aic th.
ed ililundination that would exist if the star were I on



__—~BOLOMETER OR
+"" THERMOCOUPLE

i i e
-
SAPPHIRE LENS — e | ; -
\ |/ N\
\ .
-— - PARABOLIC MIRROR
FIELD STOP
FIELD LENS
PHOTOMULTIPLIER —» -
L—}A 3

19525




The

through a filter, onto

The

would be mounted on the satellite with

to the spin axis. ‘Twice each revoluticn of the satellite the optic

axis would cross the ecliptic and, sin

point always at the sun, in the course
scan a full circle in celestial longitu

to determine the maximum value of © (n/2 >

collecting system.

3. NSTRUMENT SPECIFICATIONS
Dimensions: Optics and detectors

Electronics package,

Weight: Optics;

Electrical:

IR system is a simple parabolic

two optical systems would be combined in a s

Power v

. - . s’
mirror wiich images

the thermal detector.

[ 8

bede
wn
rt

its optic axi

needed to protect

continucus

ngle package wh
a

some angle

ce the axis is constrained to
of a vear the instrument would
de. A study would have to be
0 > Q) compativle with the
in a paceave 570w 2 ow &Y
2] < ‘;H i {_‘7‘7
3 1bs; electrenics, 1 1b
2 watts at 28 volts
Not suscepntible:; shielded ss

mounting
sun

Preferred Mission:

£961-Final (I1) 10
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EXPERIMENT I-3

FAPUY L NS SIS 4 |

MADPING OF GALACTIC STRUCIURE IN 11D IR ARD LV

1. DESCRIPTION OF EXPERIMENT

The structure of the galaxy has been mapped in exhaustive detail

visual spectrum, but because of the cpacity of tie carihi's

tle is kneown abont zalactic radiation in the 1

e | I . 2T ey - vy 0 \ P g s

Jhe propesed experiment would map the groess featuroes of the calaxy

in tlcse hitherto inaccessible wavelengths, and any ospuegialls R
discoverced would then be seloctod for mere dotailoed study on latoer

DESCRIPTION OF INSTRUMENT

The galactic survey instrument would ceonsist of two optical gystuone
o yor the UV and cne for the IR, each provided with a licear array
i
facing away from the sun, as showr 1o Fig. -0 ring ene revolution
Cwlllosoo& i, n

ite, enc hali of the coistial gpnerc
six months, the whole sphere will boe mapped, assuming that the spin

vector is kept pointed at the sun.
In addition to galactic radiation, the system receives cnerny from
revolution and, betweoan first and

the earth during a part of each

. - LT O R et e 1 T
quarters, {rom the moen. The detoector systoen coud i oat
- i -
RO T R |
LR LY
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The UV lenses will be of
and the IR lenses of Irtran glass which will trauss
attempt will be made to obtain spectral resolution other than by
scerving the broad UV and TR bands deternined by the chelce of lensa

= TTY?Y H. mr ‘o - oo N . -~ -
The UV detecturs are ECS UV-girnril i sonscrs, whiic: can
1 v Attty arrav Tarn S 1 dogiros At oetchin : v A v
O AL LY array o Lani i GOSiren, DAavTeeTonin. . ii ;AN d4VATY
R i e + 1] : 1 N
el ooLhi=Ludnd HEREIR O A S SN | PR LI

stable responsiv

arrave ¢l PbS. These senscers do not

senscrs wiil be ar
have a stable responsivity and must be periodically caiibrated by a

simple system utilizing a rugged, uvndervelted tungeten lamp. Fie. o-..
The number of detector elements in cach avrray -lepends, of course
on the degree of resoluticen desired. For a preliminary survey, it is

it feasible in a simple,

not nocessary to strive for fine detail, nor is
lichtveight, lew power experiment. 1, for oxwample, the rescoiution
e¢lement wors 1 osgnarce degroe, the ertire colestial sphb could bo
4 1 P4 >3
G would aivide

1
feasible to read the detector elements scquentially, with a concomitant
q s
saving in el ronic components.
3. Ix STRUMENT SPECIFICATIONS
- - ' 4
Dimensions: Optical system - 8" x 10" x 12"
“lectronics - 2" x 47 x &V
Woighi: Opticy - 2 Lhe,

Firal (II) 13
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Thermal:
Data:

Mounting:

fUfl-Final(I1)

Mission:

i

[

2 watts at 28 volts

Commutator, amplificr, programmer, calibration,

power supply

-20°¢ to +6OOC

530 bits/sec continuous

Preferred mounting of optics is 90 degrees with

respect to sun line
1000 nautical mile modified sun svachronous

i5




0.75 TO 1lu »c GALACTIC RADIO MNOISE

1. DESCRIPTION OF EXPERIMENT

~based radio astronomy has resulted

Q.

The great success of groun

~n ~fF€fn
1 Caaiva

pe

vyAr~comt Ty o - + £ . ) . 13,
recently ts to extend the fregquency range of galactic radio

J
emission measurements below the fO F. cutoff frequency introduced

ionospheric absorption. Depending on various factors, the maximunm
5 -3
n

electron density of the ionosphere varies from about 5 x 107 cn to
L - .. . - - N
5 x 107 om , corresponding to plasma frequencies from about 6 to 20 Mg

on rare occasions the plasma frequency may drop below 20 Mc. A ground-
tund radio receiver operating at frequencies below the plasma frequency
is nampered by the great attenuation suffered by the waves in penetratiung
the ivnosphere, both as to sensitivity and in reconstructing the incident
energy spectrum. Several rocket- and satellite-borne receivers “ have
been tlown; in the 1 - 5 Mc region their results do not agree with
¢round-based measurements3. Reasons suggested for the discrepancies have
been improper correction for ionospheric effects in the case of zroundg-
based measurements and the difficulty of calculating antenna efficiencies
for the rocket and satellite measurements (which were carriec ouf
1000 km: or below).

The experiment proposed here would make gzalactic radio noise measurements
in the 1 - 10 ric frequency range from a highly eccentric orbit extending to
a region of negligible electron density (25,000 miles) so as to circumvent

both of these problems. A 100-foot dipole antenna is proposed for the

A T R B
M1 CH1LIAn,

1. D. Walshe, F. T. Haddock, and D. H. Schulte, Univ.
Radioastronomy Xep. (June 1963).
2. T. R. hartz, Nature 203, 173 (1v63).

3. G.R.a. Ellis, Nature 204, 171 (1964).

HY61-Final (11)
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experiment, altlhiough in later versions an antenna with greater
directivity would be desirable. FYor reasons of economv and efficicncwy

in spacecraft weight utilization it is proposed that the exﬂeriment be

combined with a topside sounder experiment, which uses a similar antenna

and receiver.
wWhile the use of a dipole antenna will result in limited spatial

resolution, frequency resolution will be held to about 50 cps in order

to observe any spectral irregularities which may be present and to keep
receiver noise at a minimum.

LIPTTON OF INSTRUMENT

.
4
A

L . i . § PR . Cr
diavram of rhae prooosed valactic vaiis

hl

Figure 1-3 shows a ook
noise receiver., The iasstrument is basically a phase-sensitive
in amplifier which is electronically tuned irom 1 to 1D Mc by a -»¢

sweep generator. The received signal i1s first amplifieu by a relotivel

broad-band (0.5 Mc) tuned preamplifier, then multiplied by a sauple ot

the frequency to be measured. The output of the multiplier is passed
St er.

through a low-pass filter which contrels the bandwidth of tie svs

In this way very narrow bandwidths may be achieved without the
necessity for critical, high~C amplifiers. If desired, several
parallel output filters may be used to obtain simultanecus measure-
rents with cifferent bandwidths. At the end of each sweep a standard

noise generator is switched into the preamplifier input for calibration
purposes.
ype

The antenna proposed is an extendable tubular dipole of the t

used on the satellite alouette.

gyt 1-Final (I1) .
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3. LXSTRUMENT SPuCIFICATIONS

Dimensions: 10" x 8" x 6" electronic= Tlus two o
Weight: 10 1bs
Power: 3 watts at 28 volts
. o o
Thermal: -20 C to +60 C
Data: 200 bits/sec
Mounting: Extundable dipolies mounted 180 degre

Preferred Orbit:

6961-Final (11)
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SCLAR PHYSICS

1. BACKGRCUND

The primary cobjectives of the solar physics discipline are:
1. To advance the understanding of the sun's ccastitution and
behavior

2. To ciariiv the physical processes by which the sun influences
the earth.
Since the sun is the nearest star, it offers an opjportunity to
acquire knowledge of astrophysical rhenomena, and to test theories.
It is the only star where direct observation of structural feat
like sunspots or prominences can bc observed, and the onlw vie near

enough to permit the study of its x-ray, gamma-ray, or radio emission.

However, the earth's atmosphere is neariy or -~omiletely opaque to =0 far
radiation at wavelengths shorter than about 2"“%. In order to study
the solar ultraviolet light, or x- ¢r grmma-revs, it i: necessary to
carry the instruments above the atmosphere,

The solar radiations are subject to dyvnamic, unpredictanie,
transient variations which produce responses on earth and the near
earth vicinity, which are often viclent. As an e¢xample of the chenving

1

solar phenomena, the x-ray emission of a chromospheric flare usually
varies in close step with its brightness in visible hydrogen radiation.
Even when the visible sun is notably active, there persists some flux

of x-rays, in proportion to the calcium facular area. Unanticipated

tified with known visible light phenomena. Experiment data also indi-
cates an increase in net solar L.oman-alphe camission during a sc
flare. Solar flares also influcnce the Van Allen belts, Aurcra,
icnosphere, and the earth's magnetosphere. Therefore, the rmajor gies-
tions in this area concern discovering and explaining the sun-earth

relation on a dynamic basis.

£961-Final (1I) 20




EXPERIMENT II-A

TRAVICLET IMAGING OF SCLAR FLARES

1. DESCRIPTION OF EXPERIMENT

A great many ultraviolet spectrograms of the sun have been photo-
graphed by rocket-borne spectrographs, but the instruments have been
non-imaging and have thus recorded the total-sun spectrum, rather than
that from any particular region,

Since a knowledge of the ultraviclet emissions from flares is esscen-
tial to a complete understanding of the mechanismes underlving their wencsis
and development, and since atmospheric absorption ceverely restricts the
ultraviolet capabilities of earth-based coronagraphs, the addition of a
coronagraph or equivalent aboard a solar-oriented satellite is extremclvy
desirable. The instrument described in the following paragraphs has been

cdesigned for a vehicle with limited telemetry capabilities and thus repre-

bed
+

sents a compromise with regard to spectral and imaging resoluticn,

will, nevertheless, provide a wealth of valuable information not previcusly

available to astrophysicists by permitting thesc radiations to be moniio:

with moderate resolution over a relatively long period of tinc.

2. DESCRIPTION OF INSTRUMENT

The detector consists of linear arrays of ECS UV-sensitive gi

o

icon
detectors formed on single chips bv photomaskin; technigues. A lens or
mirror optical system forms an image of the sun which, by a scanning

1 F- e
HGuoue e Cloer dArrayv s,

o+

motion, is rotated acrocs

Tach cucment scans a narrew bdand voooning acress the dmaco, The res. -
lution in the direction perpendicular to the scan is 1/n, whor. n is the
number of detector elemonts, In the scanning Jircocion, the resolon:. .

would depend on the scanning specd and the speed ¢f responce of each
t

i

detector and its amplific
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The scanning motion is provided Ly the rolation ol the sate. ..o
2-1 shows concertually how the scantin,

about the solar vector,
would be performed., “ne end of the detector arrav is centered on tix
spin axis, which also passes through the center of the image, As the
satellite turns, the array swings around the spin axis so that each
detector sweeps a circular band concentric with the imagp center,

Each detector element is 0,004 inch wide, measured along the array,
and is separated from its neighbors by 0.001 inch gaps, making a total
element width of 0.005 inch, The length of each element (i.e¢., over-
all array width) is 0.04 inch. The radius of the image is given bv

C.002 n inches, where n = number of annular lands included in the Jiv.,

Voe

the dmaxe diameter would have to he lese rha

— 0

For example, if n = 201,

S &

oS o= &0 3 T3 ' i Ti b (3
2 x 0,062 x 20 = 0,20 inch. Since the sun s angular Jiameter (dacid-

i

ing the larger flares) is about (.01 radians, a focal length of
0.2/0.01 = 20 inches would be required. The optical system would not
necessarily be this long, It could be shortened by folding the optical
path or by using the telephoto principle (e.g., a Cassegrain system in
the case of reflective optics).

Spectral resolution is obtained by placing an interference filter,
designed to transmit only a selected band of frequencics ia the UV region,
over each detector array. By hiaving several radially dJicposed arrays
of detectors, each with a different filter, information in diiferent
spectral bands is obtained,

The electronic circuitry consists of an amplifier for cach detector
clement or, if the spin rate is sufficiently slow, one amplifier per
array sequentially scanning the elements of that arrav,

and a programmer to control the scanning of the amplificr ocutputs com-

pletes the system,

3. (NSTRUMENT SPECITIC/TIONS: (Fig. 2-2)

Dimensions: Optical system ~ H-inchi diameter by 12-inch length

Electronics - 1 by 2 by 4 inches
Weight: ~ > 1lbs
Power: -~ 7 watts

pe6l«Fina: (I1)

N
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A power converter
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Cutput:

Magnetic

Data Cutput:

Thermal :

Mounting:

Preferred Crbit: 1000 nautical miles modified sun-svnchronous
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FOR 50LAR NLUTRUXRS
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1, DESCRIPTION OF EXPERIMEN

The following experiment has been designed to investigate the solar
neutron output, The production of neutrons in the sun is a procéss which
is expected on theoretical grounds. Little data is presently available
for a study of the particle reactions at the solar surface which would
be sufficiently energetic tc produce neutrons, Reactions which vield
neutrons (and gamma rays) are probably induced by protons which have boen
accelerated by the magnetic fields available during solar flare activity.
The energies of such protons are sometimes as high as 107 clectron volis,
Such energies are more than sufficient to produce neutron reactions,
Neutron production {rom proton bombardment of helium, for instance, is
significantly large at 25 million electron volts,

Even during normal solar activity, surface turbulence and thie asso-
ciated small scale magnetic field variations could accelerate protons
to energies of many million electron volts, Since little has been done
to determine the abundance of such reactions, a study is needed of neutrons
emanating from the sun during minimum and average solar activity to qive
colar investigatore a better underztanding of the 1 10 and particic
energies available during normal, as well asg active, periods, DNeutron
energies are very important in such a stu iy, -ance they relate Jdiveools
to the energ. of the reacting protons. Spectrometric medasurements arc,
thercfore, very desirable.

Neutrons produced iu the sun's atmospherce during flare activity will
give information regarding {larc mechanism an. energy ot obtainable
from the study of solar flare proton specctra, Solar flare protens are
diverted from isotropic propagation from their source by the sun's
magnetic field and are probably anisotropic from local ficlds at their
point of origin, The anisotropy is strongly energy~60penCent so that

measurements made of intensity and spectra of protoens lack information

6961 -Final (11) 9
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regarding time and sequence of flare events, IFf good spectral infuor-

s
<
R
P

-

mation is obtained for neutron emissions occurring during flare activity
the variations in neutron intensity and energy could be related to th
sequence of flare development; neutron propagation is more nearly ir
tropic, being altercd only by scattering in the solar atmospherc . !

Since the lifetime of a neutron is on the order of 103 seconds,
only neutrons having high energies will, in general, reach the carth
before decaying. For instance, the decav "length" for o .. %V ncutroa
is approximately the distance from the earth to the sun and so cnly
63 percent of the initial flux from the sun would arrive herc. The per-
cent of 10 MeV and 1 MeV neutrons arriving at carth would be 2.° pereent

and 0.14 percent, respectively, Thus, it is seen that spectral informa:ion

irom solar flares must be processed to account for time of flight anc

iifetime to obtain the rsolar flare neutron signature, if such exists,

[

v

It is also obvious that low energy neutrons, if prescnt in solar reactions

will be relatively undetectable at earth distance.

r

The measurement of solar neutron flux will require con:tunt

surveillance, i,e., satellite crientation tc the sun, since the ear

is also a source of high-encrgy neutrons which are a by=-product of

energy cosmic ray interactions with our atmosphere. This requirement

ifor orientation, of coursc, infers directional sensitivity of the de-

tector to neutrons. Since the flux from a normal sun is on the order

2

of 0.02 neutrons/cm -sec, the carth's albedc neutrons with a flux of
b]

0.1 neutrons/cm™~-sec could interfere considerably,

Since little is known concerning the neutron fluxes during s~lar
flares except that they should be of the order of the earth's equatorial
albedo, one must assume that small fluxes must be measured to some sig

™

nificance and that dynamic range be as large as possible. g

charged particles must certainly be considered, since solar flarc prote

Van Allen radiation, and cosmic radiation will create considerable

59€¢1-Final (I1) 2%
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interference which cannot be climinated by any directional properiics
of the detector. These cources of interference must D
coincidence techniques, since for all practical purposes the energies
deposited in neutron detectors by these particles are of the order of

those expected from the solar flare neutronms,

2. DESCRIPTION OF INSTRUMENTATION

The detector which is proposed for this experiment is essentially
a proton range spectrometer with a hvdirogenous converter plate which

vields a proton for each interacting neutron by a recoil interaction,

The proton is then collected bv cne of a series of solic-state detuctors

which determine its recoil energy. Protone reaching these detectors are
representative of the energies of the colliding neutivns, since such
processes are predominately forward scattering. Figure -3 shows the

general configuration of the device,
The basic problems are several. The n-p collision is not, in gencral,

a total conversion process, and thus only a lower limit to the neutron

cnergy can be cbtained. Also, the directionality is limited by the fact

tliat the recoil proton cannot go backward. However, at higher energics,

the relativistic kinematics tend to favor the forward angles for the col-

lision process (essentially a charge-exchange collision with small

romentum transfer), and the directionality is improved. The other provlen

is that the hydrogenous radiator also usually contains carbon, and the
n-carbon reactions are more complicated and less directional. Another

problem concerns efficiency. The n-p cross section at higher energy gets

relatively small (~ 0.1 barr) so that the convercion efiicizncy becomes

poor. A converter that would allow the passage of a 50 MeV proton would

have a conversion efficiency of only about 2 percent.

-

Such problems notwithstanding, the following instrument constitutcs

a good beginning toward a satisfactory detector.

6961 - Final (I1)
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Descripticon of Neutron Detector

Referring to Fig. 2-3 note that:

1 - is a plastic scintillator, totall: enclesing the detector

W]

~
“

The scintillator (1) vetoes all entering charged particles,

enters C, knocking out a proten, which triggers 2, *.and . to Jirtvinguish

and used to provide anticoincidence isclation trom charged-

particle background.

is
is
is

is

a solid-state dE/JX counter

counter

a second solid-state d

a copper

absorber-solid-state dJetector sandwich, which

a proton telescope with maximum range of about

300 eV protons.

is CH, converter-detector operation,.

Tk

protons from electrons, thus eliminating counts duc to gamma conversion,

energy (range and identificaticn).

to convert gammas, thus vetoing

however.)

The above device

If desired, the in-line assenmbly can be

then,  (This would add

The proton telescope, in conjunction with 2 and 2, gives the proto

considerable

will measurc neutrons, put a lower limit on

O

covered with a laver cf lea

their

energy, and measure directions crudely, i.e., about “4537, but encugh to

identify the sun as the source

3. INSTRUMENT

Dimensions:

Optics:

Electronics:

Weight:

Power:

6961 ~Final (11)

rather than the earth.

SPECIFICATIONS

6" diameter x 12" long
1” X 6” < 7!'
~ 8 pcunds

5 watts at 28 velts

A neutron



Thermal:
Data:
Mounting:

Preferred Orbit:

6961-Tinal (11)

Sun-oriented
Any orbit; 1000 nautical mile modified

synchronous has long look at sun.

.
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EXPERINENT IIC

DETECIION €T LOW ENERCY SCLAR GAMMA RADLVIION

1. DESCRIPTION O EXPERIMENT

The detection of solar gamma-radiation in the region of 0.1 to 2 17V
and the determination of the photon enmergy distribution during solar flarec
periods and normal quiet periods is recently of great interest. The s.ar. .
c PO . sk P . R
tor raciation in this interval will yield information indicating the posci-

bility or extent of occurrence of several nuclear reactions in the sun':

P

atmosphere which could produce low-energy gamma radiation. Such reacticns

pe

that could produc. fluxes dJetectable at earth distance are:

1. Pesitron annihilation radiation at an energy of 0,511 MeV, !
2. Deuterium formation through neutron /proton capture reactions

~
2

producing gammas at 2,23 Mev;
3. Bremsstrahlung produced by relativistic electrons in the solar
atmosphere,
Data on this region of photon energies would aid in evaluating models
of solar flare mechanisms since most studies of flare emission have becn

directed toward the thermal x-ray regions,

)"
3=~ 3 1 P S a “ 3t Tiie o SRR R
aave goaservecd Drcmetldh«.Lu;g raciaticn

A number of experiments

during solar flares, These observations were made in the energy range

below 0.1 MeV and only with gross energy analvsis, and cutrapelation

this cdata to higher energics wouls be Loest: onable walidity,
Estimates of photon fluxcs in this region (v.i o . MeVy indicate
2 1,245 . .
that 0.1 to 0.01 photons/cm™/sec may be expecte.,” ’"°7° Detection of photenm

fluxes in this range demands relatively high performance f{rom the Jetector
used and long observation times. Solar oriented satellites would be

required to provide the constant viewing of the sun neco:sary te assure

cignificant data during flares,

6961-Final(I1) 3



2, DESCRIPTION OF INSTRUMENTATION
In order to reduce background from galactic gamma radiation, atmo-

spherically produced gammas, solar flare protons, and earth's trapped

radiation, the detcction Insirument U tave fairly good direotional
properties, Techniiues generally employed for reducing background in-

clude the use of shiclding external to the detector, and anticoincidence
arranzements, Generally speaking, shieldiryg technicues are difficuilt
to design and often bremsstrahlung is produced by the charged particle

component of the background, This is especially a problem in thin

shielding with high Z materials. Anticoincidence techniques offer

greater background rcduction for weight optimization but suffer from

the problem of gross angular resolution. Since only moderate angular

resolution is necessary in this application, such a technique is reacson

abie, especially in terms of weight,
The Jetect.r sugzested for this experiment is a CsT(T1) crystal, 1 ineh
in diareter bv 2 inches long, inserted into a well, bored into a large

£sI(T1) crystal and viewed by a 1-inch-diameter photorultiplier tube such

as an RCA €7151D, as shown in Fig. 2-%. The large crystal is vieved by four
similar tubes, the cutputs of which are added and operated in anticoinci-
Cesium ifodide 1s chewern for

dence with the cutput of the central detecteor.
-

this application because of its coliection etiiciency fer zawrmas and greaste

physical ruggedness. A compromise exists in the placement of the phototube,
i.c., in the acceptance aperturc; however, it ic desirable to maintain
the greatest amount of shielding coverage possible to reduce the large

background of charged particles. The phototube, however, should provide
chiclding for lew-energy charged particles and olectrons on “he oarder
of 1 eV of energy. The an:ular response of this asserbly will depend

seintiiiat.r (Fia. 2-3).

upon the geometry chosen for the cuter

6961-Final(I1)
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ANGULAR RESPONSE FOR PHOTOPEAK DETECTION | |

\

OF Csl¥ GAMMA RAYS (662Kev) /"T\%\
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90°

20

COUNTS /SEC

FIGC. 2-5 ANGULAR RESPONSE FOR PHOTOPEAK DETECTION OF s 137 GAMMA RAYS
(662 Kev). Data was taken for 40 minutes at esch point with a
50u C scurce at distance of 24 incles from the central cryvstal.
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A crystal of approximately 7-inch length by &6-inch diamcter w
about 1 steradian of solid angle at half-maximum response, with
ground reduction to the cides by a factor of 3 and to the rear by a

factor of 10, This reduction can be improved by increasing the cesinm

jodide =hield dimensions at the expense of weight. The weight of the

detector as described is approximately 3 lbs

The anticoincilence shield rejects hip -vuer.y cha.eed particio:
either by absorpticn or anticoincidence, background gammas by abscrpoic:.
In addition, it reduces that Compton continuum which is common to the

central detector and thé anticoincidence shield to a value which is only

Energy resolut:

onec-fourth of that scen with a bare central crystal.
with this spectrometer crystal arrangement is on the order of 25 percent,

full width at half maximum of the encrgy spectrum of an 0.5 Mcv gamma

source,
The detector is used with a pulse-height analyzer with an appropriate

number (e.g., 64) of channels. Data from each channel is accumulated for

a period of time suitable to the experiment and shifted to a buffer for

processing and transmittal, The dead time should be short to ensure no
loss of data during high count-rate periods (solar flarcs), Sufficient
time base should be provided to accumulate significant counts in cach

channel and reduce the percent of data lost in the time base switching

process.,
The electronic circuitry in general is comprised of the following:

Preamplifiers Storage Buffer

Pulse-shaping Amplifiers Commutators

Discriminators High-voltage Pewer Converters

Coincidence Circuits Low-voltage Powcr Converters

Accumulators Voltage Dividers

Ga6l-Yinal{ll)




1 .
Morrison, P., "On Gamma-Ray Astronomy,

3. INSTRUMENT SPECIFICATICNS

Dimensicns: A" dia, x 12
Weight: 15 rounds
Power: 2 watts at 28 velts
o o
Thermal: =20 C to +65°C
Data: 5 bits/sec coitinuous
Mounting: Mest view sun directly and contiuuously
Preferred Orbit: 1000 rautical mile modified sun svneckre-ous
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the 50 keV to 3 McV Region,'" Joint Nuclear Instrumcniation Symposium,

6 Sep 1961
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frost, K. J., and Ruthe, E. D., "Detector for Low ineryy Gamma Ray

Experiment,'" IRE Transactions on Nuclear Sciencc, Vol. NS-9, No. 3,
Jun 1962
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EXPERLENT II-D

COTAD TADCIAL DA DT
SCILAR ZORONWALCRADH

1. DESCRIPTION OF EXPERIMENT
The purpose of this experiment is to study the solar corona over a

trur, unimpeded by the carth's atmosphere. Observations from

1.7
¥

P

de spec
the ground, whether by coronagraph or by solar eclipse, are limited to
an uninterrupted spectral range of about 30008 to 1.2...

The propesed instrument would not be spectrally limited in principle
except by the availability of detectors and filters. Three spectral

r
bands would be covered: X < 30008, 40006 < > <1 , and 1,0 <% < 3.5 ..
3

2 INSTRUMENT DESCRIPTION .

1. *Optical Svystem and Detectors

The optical svstem would be a small Cassegrain telescope which

would form an image of the sun on the focal plane. The optical axis

would be parallel to the sun-directed spin vector c¢f the satellite, sc
that the imaze would rotate relative to the satellite coordinates The
3

image of the solar disc would pass through a hole and be absorbed in

a
the

Threc linear detector arrays would extend radially cutward from

hele and as the image rotated, each detector element would scan a cir-

cular band concentric with the sun's center.

For the UV and visual arrays, EOS UV-sensitive silicon detoctors
would be used. The elements arc formed on a single chip of silicon by

photc-ctching techniques and arc .005 inch wide measured aleng thce array

and about .04 inch long, measured across the array. An identical jeom-

4T

would be vsed for the IR array which, however, woeuld be male
’

etry

PhE cells.

6901-Tinal(11)

cavity, lcaving enly the image of the cureona on the focal plane (¥i;.2-b).
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)
The ECS detector is sensitive to wavelengtiis < 30004 and to

D .,_,) - 4 T
wavelengths between 40GOKR and lOUUGk, hence it can be used both as a UV

and a visual detector. It is difficult to filter out the visual spectrum,

leaving only the UV, but the opposite process is casy, hence, the UV
energy would be found by a subtraction process. One silicon detector
would receive unfiltered light and would thercfore measure the sum UV +
Vis. The other detector would receive light from which the UV had been
removed by a simple absorption filter and would measure the visual cnerzy
only. From the two outputs, the UV eneryy could be computed. The PbS
array would receive light cf wavelengths > 1. cnly, for which it is casy
to find filters.

2. Electronics

Owing to the large number cof detector clements, 20 per

array, it is more cconomical teo sample the detecteors rep:titively radh
than to attempt to tclemeter cr store all outputs ir parallel.

The basic electrenic system would therefore consist of a com-

mutator, an amplifier, a programmer, and a power converter.
’

3. INSTRUMELT 3PECIY ICATIONS

Dimensions: Optical system - 0 in. dia. x 12 in. long
Electronics: 1 x 2 x 4 inches

Weight ~ 5 1bs

Power m~ 5 watts

Data: 20 channels; 6 bits/second continucusly

lagnetic interference: Not susceptible. Shielled to preotect

other circuits.

0 o)
Thermal: -207C to +65°C
Mounting: Must view sun directly and continucusly

Preferred Orbit: 1000 nsutical mile medified sun svnchrencus

£9G1-Final(11) 39




EXPERIMEKWT II-E
STUDY OF TEXMPORAL VARIATIONS IN SOLAR ULTRAVIOLET EMISSIOKS

1. DESCRIPTION OF EXPERIMENT

This experiment has as its objective the detection of temporal
variations in the ultraviclet cutput of the sun. Comparisons of these
variations with independently obtained data on solar activity should
reveal interesting correlations with practical as well as theoreticel

value.

The sun is a dynamic entity - rotating about its axis with a lati-
tude -dependent period, subject to viclet turbulence and storms, develop-
ing prominences and flares, enitting vast fluxes of chorged-particle
radiation in additicn to an extrenely broad spectrum of electromagnetic
radiations. Fortunately for man and other terrestrial life forms, the
atmosphere absorbs a large fraction of these radiastions. Unfortunateiy
for the earth-bound scientist, the sun rust accordingly be cbserved through
a narrow "window' comprised mainly of the visible and near-ultraviolet
regions of the spectrum. Scunding rcckets and balloons, and instrumented
earth-orbiting satellites of growing scophistication are circumventing
this atmospheric windcw, but the data are still frazwentary and in par-
ticular need to be supplerented with extended measurements which will
reveal both pericdic and random fluctuations in tlie solar cutput. Such
information will be of great value in providing a deeper imsight into
the mechanisms and processes underlying the sun's behavior.

Man's interest in the sun is not exclusively academic. The absorp-
tion of solar radiations which restricts the astrcphysicist so severely
results in the production of ozcne in the upper lavers of the atmosphere
and in other phctochemical reactions. The outer regions of the atmos-
phere are strongly ionized, and tre endous quantities of heat are dumped
into that part of the atiosphere facing the sun. Changes in the scler

output in one pertion of the spectrum can significantly alter tle ctrios-

pheric absorption in other spectral regions be-ause of intermediate factors.

6961-Final(11) 40




Meteorologists in particular are interested in these prccescses since
they have profound influences on the weather. Radio corrunicaticns
similarly show a close relstionship to the vagaries of solar activity
because of the effects on the propagation of radic waves which result
from changes in the structure of the ionosphere. Other considerations

could be cited.

2. DESCRIPTION OF INSTRUMENTATION

The solar ultraviolet spectrum is divided into five unequal bands,
the limits of which are determined by the sensitivity of the detectonrs
and the chsaracteristics of their associated filters. A two-coordinate
solar aspect sensor is also provided to permit conversion of the sensor
outputs to equivalent outputs for ncrmal illumination. The radiation
sensors are sampled sequentially by a commutatoer, permitting a single
amplifier to be used for all energy bands. A reserve amplifier will
automatically assume the function of the primary amplifier should the
latter fail. In addition, housekeeping sensors are included fer moni-
toring critical tenperatures and voltages. A simplified bleck diazrar
of thie instrument is shown in Fir. 2-7, and a sketch showing the external
outline of the instrument in Fig. 2-8.

The sensors are vacuw: pheotodicdes with cethodes chosen to cover tihe
appropriate spectral ranges. Tleir characteristics are surmarized in

Table II-1, below.

TABLE II-1
SENSOR CHARACTERISTICS AND FILTER SPECIFICATIONS

Sensor Eff. A AN Cathode Filter ASCOP No.
Py 2600 8 600 8  CsTe  Sapphire, fused Si0,, Calcite 540F-05
P, 2100 450 CsI Sapphire, fused $i0,, ADP 5406-05
P3 1800 300 Cul Sapphire, fused 8102 5401 -053
Pg 1600 150 RbI Sapphire S54GK-05
P5 ~ 1 to 1400 W llone 5494011

$961-Final(11) - 41
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The phetocurrent amplifier covers four decades with zutomatic ranve
.=1C -9 -8 -7
switching. Full scale currents are 10 , 10 7, 10 7, and 10 ampere .

Four current standards of the abcve values zre incorporated into the
instrument for calibration purposes and are sequentizlly connected to

the amplifier input by the commutator. The experiment cycle time is

45 seconds, 3 seconds being allotted to each current standard and

5 seconds to each UV sensor. The remaining time (5 seccnds) is alleccated
to housekeeping functions. Temperatures of the photecathodes and of the
amplifier feedback resistors are monitcred, making it possible to achieve
an electrical accuracy of 1 percent of full scale and an cverall long-
term accuracy of 10 percent feor each of the five ener~y bands,

A block diagram of the circuitry of the sensur package (SP) is shown
in Fig. 2-G. S1 is a thermistor for measuring the temperature of the
photocathodes. The commutator is a group of glass-encapsulated high-
insulation reed relays controlled by the formatting logic. Four of the
photodiodes have sapphire windows and three have additional filters.

PS has a tungsten cathode which is sensitive to soft x-rays and ultra-
viclet radiations up to a wavelength of roughly 1400 £. This tube has
no window, being directly exposed to space, since nco known window medium
is transparent over this energy range. To prevent the detection of
positive and negative ions, the anode is screened by twe zrids, ore
being charged positively and cne negatively. The solar aspect sensor

is a standard iterm, complete with electronics, manufactured by the
Adcole Corporation. The two 7-bit digitized outputs give the position
of the sun in two coordinates to = 15 minutes of angle over a field of
view in each coordinate cof * 64 degrees. ‘

A somewhat more detailed block diagram of the electronics package

(EP) is shown in Fig. 2-10. The operation is briefly as follows: the

format consists of a 15-step program actuated by a one-pulse-per-second
clock from telemetry or self-generated in an adapter package. The first
five steps of the program are used to provide synchronization informa-

tion and to read out signals from five housekeeping sensors. Twe high-
level analog telemetry channels are erployed according to the feollowing

scheme:

69061-Final (I1) A
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Program

Step Channel A Channel A+1
1 Sync voltage Detcotor bias
2 Photodicde temperztures Sync voltage
3 Sync veltage Power-on voltage
4 Feedback resistor temperature Sync voltage
5 Sync voltage Amplifier status

The input to the amplifier is left open for the next threz cleck impulses
and the TM channels are switched to the amplifier output and range monitoer.
This three-second period is used as a zero check. The rext fcur steps of
the prograr are used for calibration. Four current standirds are switched
sequentially to the amplifier input, perritting the svstes t¢ he checked
+ut in each of its four ranges. Three clock pulses are assigned to esch of
thiese steps.

The follewing five steps of tlie program constitute the prime experi-
ment. Each of the five detectors is sequentially switched to the ampli-
fier input for five clock pulses each. This completes the 45 clock pulses
required to step through the complete format and following this the se-
quence recycies.

The dynamic range of four decades is achieved through the use of four
different feedback resistors. These resistors are switched to provide the
correct gain as dctermined by sensing the amplifier output. This function
is performed by the automatic ranging section which also provides an analog
signal to the range monitor T channel to indicate which feedback resistor
is switched in.

A spare amplifier and a failure detection circuit are also provided.
If a failure of the prime amplifier should occur, the spare is automatically
switched in and an indication is provided as one of the housekeeping func-
tions.

By employing welded cordwood modules and special potting .compounds,
highly reliable circuitry will result. Wherever practicable, intezrated
circuits will be used to improve reliability and to reluce size and weight.

Photodiodes P1 through P4 are of ruggedized construction with 0,125-inch
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sapphire windows and have cathoedes especially desigred for operation
the ultraviclet and soft x-ray recions. The long-wavelen. th cutoffs are
determined by the photeelectric threshold of the cathode material and

the short-wavelencth cuteff by the filters. Each filter is mounted with
the sapphire plate facing the space envirocnment so that there will always
be 0.25 inch of sapphire, or of sapphire and fused silica, between the
photodiodes and incoming high-energy cliar;:ed particles. Calcite and ADP
nust be protected from the environrent; cousequently, filters containing
these materials will be of sesles construction.,

Photodioce PS has no window and no filter. 7Its long-wavelength
limit is determired by the tireshold of the tungsten cathode, hut therve
is no sharply defined short-wavelensth limit. The cuterrmost of the tlree
grids is cenrected to +15 volts and the middle grid to -15 velts. Thus,
ti.e two acting toegether will ceollect all low-energy charged particles.
While high-energy charged particles will not be stopped by the grids,
the flux of such particles is only of the order of 105/cmgsec, corre-

’

sponding te a current .. only 1.6 x 10-1* amp. This is an order of
magnitude smaller than the amplifier necise current, which is in turn an
order of magnitude lower than the postulated minirmum current accuracy.
The innermost grid is the anode and is 25 velts positive with respect
tv the cathode. Thoteelectrons which are not intercepted by the ancde
will be repelled by tle nejative middle grid, increosing the collection
etiiciency over vhat it would be if the niddle yrid were positive.

Since input resistances of the order of 1013 ohms must be used if
the current-transier inequality is to be satisfied for such small currents
(of the order of a few piccamperes), stsndard bipolar transistors, even
with local bootstrapping, are completely ruled out. Junction field-
effect transistors (FET's) have input resistances of abcut 1OC ohms and
would thus require voltage pains in excess of 100C, placing them in the
doubtful cateygory. Insulated gote or MOS FET's, hovever, have typical
input resistances of 1015 chims or mere and are thus ideally suited for
the present application. Using such a device insures coptirum current

transfer for any level of yain and thus gain need be considered only
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EXPERIMENT II-F
INFRARED ENISSION FROM THE SUN

1. DESCRIPTION OF EXPERIMENT

The goal of this experiment is tc determine the energy flux
from the sun in the IR region from 2 to 2C microns. This part of
the spectrum cannct be investigated frem the ground because of the
wide bands of atmospheric abscrpticn.

The short-wave limit is clicsen because measurcments can be rade
from the earth out te ~ 24; the long-wave limit was chosen because
only ~ 10—5 of the tctal solar energy lies at longer wavelengths.

Although a measurement of the tctal power in the 2-20s and
would be useful, it would fail to reveal anv departurcs from black-
bedy emission, therefore, the proposed instrument is desigied to

Lave some degree of spectrsl rescluticon.
2. DESCRIPTION OF INSTRUMENTATION

The optical system is a slitless spectrograyrh with a multi-elenont

LI Y E
T1E . -l
=2

detector located in the focal plane. The laveut is chown in
The first clement in the optical train is a germanium prism that

disperscs the light to form the spectrum. The second element is a geld
plated parabolcidal reflector that focuses the light from the prism onto
the detector array. At any given wavelength, the parabola will form a
small image of the sun, but when the whole spectrum is considered the
result will be an infinite series of overlapping images. These images
will have an angular diameter, measured at the¢ parabola, of .50, which
is much gzreater than the angular width of the slits in a ncrmal spectro=-
graph. The spectral resclution will therefore be rather low, but the

data will neverthcless be far more valuable than if there were no dis-

persion at all., ’
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Cwing to the large bandwidth, no vne photoconductive or photo-
voltaic detecter type could be used at all wavelengths. A thermal
detector, however, is independent of wavelergth, hence the detector
array consists cof a multiplicity of thin film belometers, which can
casily be formed by vacuum depcesiticn on an irsulating subtstrate. The
outputs from the detector elements are sampled sequentially and either
stored for later transmission or transmitted directly, depending upon

the capability of the telemetry svetem,

3. INSTRUMENT SPECIFICATIONS
Dimensicns: Optics - 2" x 3" x 6%

Electronics - 1Y x 39 x 6"

Weight: Optics = 1 1b, Clectronics - 1/2 1k, .
Pewer: 1 watt
Mag. Interference: Lot susceptible; shieclded to protect

other systems.

Electronics: Commutator, amplificr, programmer, and power
supply.

e . o o]
Thermal -207 to 4+60°C

Data 000 birs sampled twice and orbit

a > : 12 1 '
Sounting Perinted diroctly at sun

Preferrid
Orbit: None

o
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2. DEGCRIPTION OF INSTRUMENTATION

The instrument to be used in this experiment is of much higher
[>-4

. . ; 4 .
resolution and has becen used by various experimenters in the far

N + 3
uicrav

olet to¢ low-onergy x-vav region of solar emission. This instru-

™

ment is a grazing-incidence bult=crystal spectrometer and is capable
>f reselving lines less than 0.83 5 apart. This is a much greater
resolution capability than that of eitiher proeportional counters or
scintillaticn spectrvometers aind should casily rveveal the precence of
Liic wuissions (ur charvacteristic cldges of spectra such as oo L.

Figure 2-12 assuming these emissions can be detected above ti¢ bremms-

strahlumg cootine whish 18 prosint as racooronnd.
Th2 spcctrometer schermatic (Fig. 2-14) shows an entrance slit, a

bent crystal, diffraction analyzcr, an exit slit, and an cpen windew
photomultiplier. The radiation entering the cntrance slit is diffracted
and focused at a peint along the curved path as indicated In the figurc.
The exit slit and phototube scan the spectrum by moving along this
curved path. The plane of the exit slit is approximately perpendicular
to the diffracted ray at all positicns along the scanning linc main-
taining a constant passband of about 1 5. The exit sl# and rhotoetube
move on a motor driven carriase traveling on a circular rail. During
scanning, the speced of the carriage and exit-slit aperturc can be
varied as conditions of the experiment may dictate. The phototube is

a Bendix M306 photomultiplier with a tungsten photo cathode which is

chosen to minimize response to wavelengths above 1500 X and to reduce

sensitivity due to emission properties of the photo cathede.

4 Udinteregger, H. E., "Space Astrophysics', edited by W. Lillcr,
pp. 35-95, McGraw-iiill, 1961
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‘During cperation of this spectrometer, its pointing directicn
should be maintained to a sufficient angular accuracy tc assurc that
the entire solar disk is continuously obscrved. This is an accuracy
on the crder of 0.5 degree and is neot a particularly stringent re-

guiremert this sclar criented satellite.

3. NSTRUMENT SPECIYICATION
Dimensions: 25" x 3" x 5"
Weight: 20 pounds R
Power: 2 watts at 28 volts
Thermal: -25%C to +65°C
Data: 500 bits, twice per orbit .
Mounting: Oriented toward sun, 25" length and

25 pounds weight make mounting on
secondary panels difficult but =t
impossible

Preferred Orbit: None

A
oS0l -linai i) 58




EXPERIMENT I1I-H
MONITORING OF SOLAR X-RAY "™ISSIONS 1IN

TrE REGION OF 5.2 Tu 24 Kev

1. DESCRIPTION OF EXUVERIMANT .
This experiment provides a coustant monitoring of the s a's
X-ray emission in the region of interest to selar flare iives:igators,

During solar flare activity, the sua's emissica in this wavelea th

¢
v

region increases greatly and the time fluctuatioas of inteasicy ar
major importance in understanding flare mechanics. The iacrease ia
iatensity over that of a quiet sun has been found to be roughly 4 to 1
in the region of 44 to 60 angstroms, 10 to 1 in the regica of 8 = 20
angstroms, and 25 to 1 in the region of 8 to 1.5 angstroms(l)y Typical
spectra produced by the use of proportional counters and pulse helgit
analysis systems are shown in Figure 2-15. It is seen that there is sore
variatioa in spectral distribution cver shor: pericds of time. The
continual observation of such intense emissioa in this rejicn is of
great importance tor support of optical radio and charged particle
studies during sclar activity,

Only a few of the many auclear detection methods are available
to the designer of an x-ray s;ectrometer for the .2 to 20 Kev range.
The relatively low fluxes (Fig.2-15) to be measured and “he low photon
energies rule out detectors such as ion chambers which provide no multi-
plication of the ion pairs produced by the absorption of the x-ray.
Even the relatively efficient solid state detectors have ncise levels

of the order of 5 - 14 Kev, precluding high resoclution spectronetiy,

(1) Friedman, H., "Solar X Ray Emission - NKL Resulus,' AAS-NASA

Symposium oa the Physics of Solar Flares, NASA SP-50, 1961
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Scintillators provide high gain through electron multiplicaticn
in the photomultiplier tube vet are limited in resclution due to the
dependence of their ultimate statistical error cn the amber of pheoto
electroas produced per photon. (e.g., Nal scintillators produce about
15 pheto electroas for a 2 Nev photon), Their resclution characteris-
tically is about 30 perceat.

The proportional ccunter is the best choice for a device which is
to provide high seusitivity, aad good resclution, for continuous operation.
Ia this device ion pairs, produced in a cyvlindrical gas filled tube by
the pheton entering through a thia window, are accelerated toward a
thin wire electrode. The fieclds are strong enough at the thin wire to
produce avalanche and ion multiplication in the gas. Multiplication
factors from 104 to 10° are easily achieved and resultiag resclution can
be less than 20 perceat full width at half{ maximum. Pulse height analysis
of the output pulse is an accurate and straightforward ::ethod of energ:

analysis that is well developed and understood.

2. DESCRIPTION OF INSTRUMENTATION

The instrument necessary for this experiment is a side window
proportional counter which is &4 inches long and cae inch in diameter
with a 0.0005 in. herv1lium window (with 0.2 in. dlameter aperture) in
the side of the tube (Fig.2-16). The fill gas is argen at 2 atrospheres
which is sufficiamt to absorlb the ,reater part of 24 Kev -ravs ir-
pinging on the window. The tube will be used with a collimator at the
window and sufficient shielding external to the tube to stop all scft
and intermediate energy particles, Thie window and ccllimator are ovpei to
solar flare protons during observation of the solar flare activity;
however this radiation is, for the most part, isotropically produced at
the earth's distance and only a small solid anyle will accept these
protoas. Magnetic field shielding of the collimator may be used to
advantage especially if the satellite orbit is in the trapped radiation
belt. The necessity of these precautions for reduciyg the backpround

is lessened if a low orbit is allowable (i.e., 325 mile circular).

6961-Final(TI)
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The preporticnal counter system includes a pulse hweisht analyzer

with 12 channels in the following enersv allotments:

Channel

~N oy W e

@

10
11
12

Energv Range
0.2 -
0.4 -
0.6
0.8 -
1.0 -
1.5 -
2 -3

3 -6

6 - 10
10 - 14
14 - 18
18 - 24

]
o = = O O O
©
vt O C o

The energy ranges are of course flexibtle and may be assigned any width

rezscnable to the abilities of the subsequeat data handliug circuictry.

The system diagram shown ia Fig. 2-17 includes an in-flight cali-

bration source for check against drift ia systenm gain during operatici.

3. EXPERIMENT SPECITICATION

Dimensions:

Weight:
Power:
Thermal:
Data:

Mounting:

Preferred Orbit:

6861-Final(11)

Length: 7"

Width: 5"

Height: 6"

5 1b

1.5 watts at 28 volts
-3¢°C to +0°C

100 bits/min continuously
Sun-ocriented

325 nautical mile circular
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EXPERIMENT II-I
EXTREME ULTRAVICGLET SPECTRUM OF THE SUN

1. DESCRIPTION OF EXPERIMENT

Extreme ultraviclet radiations frem the sun are known to be very

strongly absorbed in the upper parts of the terrcvstrial atmosph
t

Therefore, their measurement requires experimentation at altitudes
high above the carth's surface.

Briefly, the approximate erd of the solar spectrum as photographed
from the ground is 3000K. From this point to 2083A the spectrum is a
continuum with Fraunhofer lines similar to the spectrum at longer

lengths. At 2085X the continuum level falls abruptly and finally
fades into stray light background near 15508. Beloew 15503, the solar
spectrun is predominately composed of emission lines--with the Lyrman
continuum conspicucus in the interval 9128 to 8008.

The solar spectrum has been described by Tousey and others as
arising from different levels in the sun's atmospliere, depending on
wavelength and atomic species preducing the radiation. The cemission
lines arise from atoms in different stages of excitation, located from
low levels at the bottom of the chromosphere, through the region of
rapidly increasing temperature, and intu the cerona itself. As the

wavelenrth decreasces the continuun chaanges from the photospliceric
3y ks i

nuum with Fraunhofer lines to an eriissicon from the bottoum of the

o

0
5
rt
t

=t

reversing layer, with Fraunhofer lines showing only faintly, and tinally,
into cmission from lcvels low in the chremosphere where the temperature
has commenced te rise. The spectrum bolow 15504 must arise largely

from this last region since its nature is a continuum with lines in
cmission rather than absorption.

The great remaining uncexplored resicen of the gpectrum lies below

o . 3 v ~
about 300X and extends to about 1X. It lLas been cstablished from pheoton-
counter and ion-chiamber work that radiaticen is present. Ruerse has
reperted photographing lines to 84K and Hintervegger has already made

6961-Final(11)




hotoelectric spectral measurements in this region. The nature of
P 5

the spectrum is not well established, however, and much more work is

From the pcint of view of range in wavelength, this part of the
spectrum is very extensive. The region from 3008 to 1K spans roughly
the same number of octaves as the entire sclar spectrum above 3008.
Althoush the total energy of the solar emission in this spectral tail
is small, the ionizing and cnergetic nature of the radiation makes it
moest important. Detection and study of these emissions will contribute
creatly to our understanding of the process by which energy travels out

through the sun's atmosphere, cventually finding its way to carth.

2. DESCRIPTION OF THE INSTRUMIENT

The telemetering monochromator described in the fellowing para-

graphs is an adaptation of the GRD rocket mencchromator developed by
1 )
Hinteregger .

Photoelectric techniques of solar EUV spectrophotometry not only
allow direct telemetry of data, but also can be made so that the
ingtrumental sensitivity to all stray light of leonger wavelengths is
virtually elimirated. Furthermore, for a photoelectric detector,
there iz ne accumulation of bacuground due te penctratilieg radiations.

The URD monochromator is shown in Figure 2-18. It is designed to
accept gratings ruled on interchangeable blanks of 2 meter radius of
curvature. The ruling with 7500, 13,000, or 30,000 lines per inch
provides a convenient choice of instrument scanning range of wave-

lengths as follows:

RULING RANGE

(Liner/inch) KX)

7,500 1300-250
15,000 650-125 ’
30,000 325-52

Hintcre”"cr, H. E., "Spacc Astrophysics,” ed. W. Lilivr, ;o 33
McGraw-11ill Publishing Co., 1961.
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The wavelongth ran
4

. - Y - & Q . . -
ge oextending from 3258 to 628 is especiaily appro-
priate to this expe

iment, and a 30,000 lpi grating will be used.

The grating is held rigidly in a fixed mount for graving incidence

~

at ar angle of 86°. The dispersed radiation that passes through the
exit slit at any pesition of the latter during its scan along the Row-
land circle is intcrcepted by the large catihcede (1 in x 3.5 in) of a
special photomultiplier which is alliwed to remain in a fixed position.

The clectronic operation of tiice mencchremater is indicated in the

block diagram of Figur: 2-19. The output pulses of the phctoelectron

counter are fed intc a pulse chapor and amplifier which is connccted to
two independent banks of binary counters. Lach of these scalers is

combined with a resistor network which converts tive cvenis ol cupfogquent
photc-clectron counts into a staircase volta... Referring te Tig. 2-19,

Channel III indicates the momentary pesition ¢f the exit siit along the
Rowland circle mhis siicnal l step vol . . cod op it when-
towland circle. This sipgnal has a step voltage superimposed on it when
ever a new wavelength scan is started.

The GRD inctrument was designed te weork with the same type of sclar
pointing control that was developed by the University of Colorado. The
device has been used with good success fcr many past experiments in-

velving spectrometry solar radiation.

3 INSTRITINT SPECIFICATIONS

Dimensions: Length: 36 inches
Width: 8 inches
Height: 4 inches

Weight: 23 pounds

Powver: 14 watts at 28 volts

Thermal: -20% to +60°C

Data: 2500 bits/readout

Mounting: Sun-oriented: lensth and weight male
mounting on secondary
ponels difiicult

’
Preferred orbit: Mone

$961-Final(1l) 68
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EXPERIMENT II-J
PROFILE OF SCLAR LYMAN &

1. DESCRIPTION OF EXPERIMENT

Within the last twenly years, a laric amount of data has been
) ; A 1 .
gathered on the short-wave radiaticn from the sun. Of particular

intercst arce the streng Lyman » radiations centered at 1215.47a.
. , . 1 L
A rocket-borne exjeriment conducted by Purcell and Tousey wicn a iivh

~trograph obtained rosults which present an excellent

profile of the Lywan 2 band, and show an abscrption line from hydrogen
in the upper atmesphere.

A high resolution spectrometer flown on a solar oriented satellite
would produce additional data of great scientific value. The higher
altitude of the satellite would clininate, or at least minimize the
effects of atmospheric hiydrogen. An eccentric orbit would be most use-
ful in providing an accurate measurcment of the distribution of atmos-
vheric hydrogen. Data from the apogee regions of an eccentric orbit
would allow measurements of hydrogen density in interplanetary space

¢ omade .

o

to
A satellite-borne irstrument has the additional virtue of providing
a long measurcncent lifctime. A one year useful life will provide
spectral data over a period of sevecral solar days, and stands an excell-
ent chance of providing data during a number of solar flares. The data

obtained from satellite flight would thus provide far more information

than could possibly be obtained from many rocket flights.

-
U, Repert 5608 - Papers Presented at the Tenth International Astro-

piiysical Symposium, by Purcell and Tousey

2,.
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2. DESCRIPTION OF INSTRUMENT

The most suitable instrument for this study is a grating spectro-

meter using a high order diffraction to obtain the necessary resclution.

3

e resolution should at least be equal to the 0.038 oblained by Purcell
and Touseyl in their rocket flights. A preselection grating must be

used ahead of the entrance slit to minimize responsc to longer wave-
lengths.  An Ebert type spectremeter (Fizurc 2-20) using a spherical
mirror and curved slits is used to image the Lyman . rogion with bi-0
resolution.  The exit slit can be replaced by a suitably shapced solid
state photodiode as the detecter. Such a detector has the advantage of
possessing no sensitive area not used to provide data. A photonultiplicr
tube for example, has a large scensitive area which contributes to the
noise, but not to the data.

The data system (Fig. 2-21) consists of a range switching preampli-
fier providing analog amplitude data within each decade, and a digital
decade indicator. The analog data is rcadily convertible to digital
fom for telemetry. Wavelength information is derived directly from
the logic circuitry used to drive the grating stepper motor.

All of the circuitry can be designed tc withstand the launch and

space environment without difficulty.

3. INSTRUMENT SPECIFICATIONS
Dimensions: 6" x 8" x 20"
Weight: 12 1b

Power: 2 watts average at 28 volts

o
ot
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20 bits per second for a 0.02 A/second scan rate.
Thermal

:Or‘
-

-IQOC to +5
Data

20 bits/second for C.02 A/second scan rate
Mounting

Sun-criented
Preferred orbit

Highly elliptical, 200 nautical mile to 25,000 nautical mile
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I11
PARTICLES AND I'IELDS"

1. BACKGROUND

1.1 Energetic Particles

The energetic particles discipline is mainly cencerned with
the study of particles of enecrgy greater than a few electren-velts
which are found in the trapped and aurcral radisticn, selar and gal-

actic cosmic radiation and interplanctary lasmas. Tlhe interaction
between the charged particles and the magnetic fields is such that
they must often be studied simultanccusly con the same velicles in
order to understand the phenomena. It is alsc necessary to nake
simultaneous measurements at widely separated points, such as on

the ground, above the ecartlh inballoons and scunding rockets, in the
near magnetcsphere using pelar acariv-circular satellite orbits, in
the far magnctosphere and just beyond using highly eccentric satel-
lite orbits, and in interplanctaryv space. Scme of the phenorena is
related to the ll-year solar cycle, and is necessary tc meniter them

over an ll-yvear period.

1.2 Galactic cosmic radiation

Galactic cosmic radiation consists of a low flux of elec-
trens, protens, alpha particles and nuclei of heavier atoms. These
particles range in cnergy frem a lower limit below 10 MeV to an
upper limit in excess of 1019 electron veolts. The flux varies by
a facter of two over the ll-year solar cycle and occasicnally de-
crecases sharply for a few days after a solar flare - the so-called

Forbush decrease.
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. 1.3

The origin cof the particles, the wmecharnisw by which they
are accelerated to high encrgies, the nature of the mechanism (or
mechanisms) which produces the ll-year sclar cycle and the Ferbush
modulation of the flux - these are scme of the questions to be

answered.

1.3 Solar Cosmic Rays

After some major solar flares, the intensity of the nos-
itively-charged component of cosmic rays has been observed to increase
vy an amount which varies from barely detectable increases up to in-

creases four orders of magnitude above the cosmic ray backgrouad for
particles in the energy range from cne te several bundred MeV. These
particles are given the name solar cosric rays. The intcnsity reaches
a maximum about one to ten hours after the flare and then begins to
decrease, returning teo the normal background cosmic ray value about
one week after the flare. There is considerable variation in the
intensity, duration and cnergy spectrum from event to event. Solar
activity prior to the solar flare and the resulting changes in the
interplanetary magnetic fields influence the tire required for the
particles to reach the earth, the energy spectrum, and the duration

and intensity of the event. Therefcere, it is important to nonitor
continuously the intensity c¢f the radiation in interplanctary space,
together with measurements of the interplanctary magnetic field.
Information is needed on as many of the events as nossible te im-

prove statistical interpretations.

1.4 Trapped Radiatiom

The trapped radiation exists in the region around the earth
known as the magnetcsphere. Trapped radiation is observed from about
400 miles above the surface of the earth cut to the boundary of the
gecmagnetic field which occurs at abeut 40,000 miles on the sunlit
side of the earth. The geomagnetic field and the trapped radiation

appear to terminate at the same place. The characteristics of the
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radiation vary with position in the trapping region. There is an
inner region which is stable with time and characterized by a high
intensity of protons with energies in the range from a few keV to
several hundred MeV. The energy spectrum has been observed to vary
with position but there is very little variation in intensityv with
solar activity. Although this region is characterized rarticularly
by high energy protons, there is also a high fiux of electrons.
Farther out, at.about 10,000 miles, there is a region characterized
by a high flux of low energy protoens. This may be the region asso-
ciated with the geomagnetic ring current. Alsc in this region, the
trapped radiation is characterized by electrons with cnergies ex-
tending up to several Mel, cxlbibiting large temporal and s.atial
fluctuations in their intensity. The lower encrgy electrens, below
about 1 MeV, are found to be precipitated rore or less continuvonsly
into the upper atmosphere in such numbers that, were there no sources,
they would disappear entirely from this outer region in a few hours.
This leads to the hypothesis that there must exist one or more mech-
anisms for the acceleration of such particles in the vicinity of the

earth to replenish the supply and populate the outer region.

1.5 The Magnetic Field

The magnetic field investigation encompasses mecasurerment
of the magnetic fields of the sun, planets, and natural satellites
of the sclar system, and cf interplanctary and galacwic space. Since
nene of the missions penetrate the magnetosphere, only neasurerents
and correlation about the earth area applicable to this study.
Experiments are to be carried out in conjunction with the
scientific investigation of the physical processes causing the fields
and their time changes. Simultaneous measurements cf varticle fluxes
and plasma densities arc required to understand the interaction be-

tween these phenomena and tliec magnetic field.

77




EXPERIMENT I11-A

SPECTRA OF GALACTIC ELECTRONS

. DESCRIPTION OF EXPERINMENT

Before 1960, no evidence existed to indicate a flux of galactic
electrons at the top of the atmosphere, although a balloon experiment
designed to detect them had been undertaken in 1949, The upper limit
of any primary cosmic-ray electron flux was estimated to be about

2 -1 -1
3 m sec “sr from the data recorded in that flight. However, during

-1

wn

A . 2 . ) 3
960 balloon-borne instruments flown by Earl™ and by Mey.: iand Vogt™,

ped

independently, there was detected a =mall componcnt of the electron flux
which could net be accounted for by secondary clectrons or other means,
One of the groups used a cloud chamber similar to that flown in the 1949
experiment. The other used a scintillator range telesccpe. Their rcsults
were i good agreement: Earl estimates the primary flux - 500 MoV oat

-2 -1 2

. -1 . \ . , - i
2+ m “sec sr , while Meyer and Vugt give 35 to 190 m "sec  :x par-

G

ticles greater than 100 MeV,

“ore recently De Shong and Hildebrand" have flown a spark chamber
with a permanent magnet to measurc the electron-to-positron ratio in the
primary flux, hoping tc detecrmine which of two possible source- (p-p
collisions or supcrnova explesions) i indicated,

More information is needed before definite answers can be given to
questions regarding primary cosmic-ray electrons, It scems clear that
a satellite measurement is highly desirable because cof the numerous cor-
rections for secondary electrons which muest be made cven for data gathered
at an atmospheric density as low as & g/cmz. A second advantage is the
better statistical accuracy which can be achicved when the experiment
can be operated for long periods of time. The energy range of the pro-

posed experiment is 25 to 1000 MeV,
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2. DESCRIPTION OF INSTRUMENTATION

Size and weight limitations make necessary some modification of the

balloon instrumentation used for the measurements described above. The

et Tacenn are +o he mear adamtabhlo #2o 1101
scintillator range telcscope appcars to be most acaptaoie to irignt-

0

g
low-power techniques,
In order to keep the weight of the absorbing material to a minimum,
the entrance aperture of the absorber for the proposed imstrument is
only 1 cm, as shown in Fig., 3-1. A lower limit to the diameter of the
absorber is set by the characteristic diumeter of the electron showers,
According to calculations by Fcrnbachs, about &5 percent of the shower

particles of energy E are within a zone defined by X = 2,

where X = Er/:¢
r = <distance from the track in radiation lengths
E T 21 MeV
5

Therefore, even for energies as low as 21 MV, the shower radius is no
larger than two radiation lengths or 1.3 em. Enough material is added
to the skirts of the absorber to make the losses of shower iringes
negligible, The total weight of the lead is about 2 lbs.

A total of four scintillators and five silicon detectors make up
the detector array. The top two silicon detectors are placed in coinci-
dence and define the telescope aperture, The "ravge' of the shower pro-
duced by an incident clectron is measured bv determining how many of the
six range detectors are penctrated, The first three of these are silicon,
but the larger Jdiameter detectors are scintillator-photomultiplicr com-
binations. A plastic scintillator surrounding the telescope acts as an
anticoincidence shield,

Discrimination against heavier charged particles is obtained by
using the detectors at both ends of the lead stack as dE/JX detectors,

The range telescope requires nine preamplifiers and ten discriminator-

coincidence circuits, plus six accunulators,

1C.L. Critchfield, E.P, Ney and Sophic Oleksa, Phys. Rev. 85, p. 461 (1932)

(2]

J.A, Earl, Phys. Rev. letters, ¢. -, 1.5 (1931)

)
P. Meyer and F, Vogt, Phys. Kev. letters, 6, p. 1935 (1961)

I

.4, Devhong, Jr. and o, Hiildebrana, Phvse, Rev. Letter., 1., p. . {iluod
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INSTRUMENT SPECIFICATIONS (See Fig. 3-2)

Dimensions:

Length: 1

2
Height: &
6

Width:
Weight:
Power:
Thermal :
Data:

Mounting:

Preferred Orbit:

inches
inches
inches

6 pounds

2 watts at 28 volts

-209¢C to +60°C

10 bits/second continucus

3G degree cone angle clear of cbstructions
away from sun.

1600 nautical mile modified sun synchroenous



SUN DIRECTION FOR

MISSION B AND C /
/SUN

8in.  pRECTION

}/ FOR MISSION A

VIEW OF
SPACE

“
N

P 3.2 SKETCH OF SPECTRA OF GALACIIC ELECTRONS EIPESTM
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EXPERIMENT IiI-B

STUDY OF EARTH'S ALLEDO NEUTROXS P)

1. DESCRIPTION OF EXPERIMENT

The earth's neutron albedo is produced by cosmic ray primaries
interacting with atmospheric nuclei producing nucleonic cascades. The
neutrons produced are wmostly in the MeV energy region, except for a few
which are products of high-energy "knock-on' events. These neutrons

. are initially above 10 MeV in energy; subsequent collisicn with atm--
spheric nuclei moderates them and, for the most part, they are absorbed
in the atmosphere in thermal neutron absorption reactions with nitrogen,
Nla(n,p)cla and NiA(n,T)Clz. The latter reaction produces tritium, and

only a few percent oi the neutrons enter into this reaction.

Some of the neutrons produced by the cosmic ray events are scattered
out of the atmosphere and it is these which are referred to as "albedo
neutrons'. Their energies are undoubtedly spread over a wide spectral
distribution ranging from thermal to high energies of tens of MeV,.

The importance of investigation of these neutrons lies in their role
as one of the sources of the trapped (Van Aller) radiation found in the
earth's magnetosphere. Theory as to the various injection mechanisms
for electron and proton radiation belts i .. ice golar protons, albedo
neutrons, solar ncutrons, et:,, the protuon-electron decay oI the neutrons
of course, providing the necessary compcenents, Since neutron half-life
is only on the order of le seconds, the lower energy neutrons cannot
travel out of the magnetosphere before decaying and contributing to the
radiation belts,

Little is known of the magnitude of the earth's neutron albedo or
its spectral characteristics, The uncertainty in the albedo flux approaches
an order of magnitude, and the albedo's importance as a major contributor
lies with this area of uncertainty,

The neutron albedo theory, i.e., that it is the prime source of

trapped radiation, is somewhat popular due to the fact that it surmounts

6961-Yinal{ll) 83




some of the difficulties associated with tryving to understand the means
by which charged particles from beyond the magnetosphere are actually
trapped. The theory is aliso compatible with the energies of the protons
found in the trapped radiation belt and some of their dynamic propertics,
The study of these neutrons is certainly important in resolving the
theoretical controversy over the origin and perpetuation of earth's
trapped radiation. The subject is covered thoroughly in an article

]
by R.C. Haymes™,
2. DESCRIPTION OF INSTRUMENTATION

Any attempt to cover the rénge of neutron euvergies expected from
the albedo must conceive of several instruments, each covering a narrower
range. Thermal neutrons are generally detected by proportiona: counters
filled with a gas with large thermal neutron absorption cross section

for a

such as BXUFW or He . The latter gas is an excellent choice,
proportionaimcounter can be filled with He3 to pressures on the order
of 10 atmospheres and operated at moderate voltages with efficiencies
around 70 percent, since the absorption cross section is 5500 barns for

thermal neutrons. The measurement of thermal and slow neutren: could be
. . _ . . , 2,5
accomplished b - the use of three preoportional ccunters:
2
1. He -filled for measurement of the thermal neutrons
2
2, He -filled with sufficient cadmiur shielding t. «xclude neutrons
below cadmium resonance
3. He4-filled to allow subtraction of charged-particle-induiced
counts
The proportional counters would be identical in geometry and gas
pressure and presumably matched for charged-particle respcnse, The
thermal neutron counter can be made directional, as ca: the epicadmium
counter with proper choice o! shielding. The He™ counter should be used
in anticoincidence with the two neutron detectors to eliminate background,

since any heavily ionizing radiation will produce charge pulsges on the

. . - 3 -
order of the reaction energies of the le” (a,p)T process.



Fast neutrons (0.5 Mev to 13 Mev) are difficult to measure directly,
The popular method for fast nentron detection in this range is to use a
moderator material with a BLUFE-:iiled proportional counter relying on
the slowing of the neutrons to the energies that allow good absorption
‘efficiency. This type of counter does not have good absolute efficiency
(- ¢.. percent) and some theoretical spectrum must be assumed, since no
spectral information is available.

Techniques of more acceptable character have been used recently,
emploving no moderator and enabling pulse-height analysis of recoil

,rotons directlv created by neutren-proton recoil in an organic

seintillater. TrUe asscmbly is an organic o pntillacor widd H
20 orcent collection eificiency surveundos by A inorganic «.i

¢

tillator. The inorganic scintillator interacis very Ittt

—

WLl fast
ncutrens and provides a charged particle polse-shape discrimination meci-
anism, since the pulse is much longer irom @l inmorganic  icic. he
organic scintillator has very short pulse-relaxation times, and counting
of neutrons is done by sensing the pulse-decay time {rom the proton
knock-on. he energy of the proton is roughly proporticnal to the inci-
dent neutron energyv, though energy resolution may be poor due to the
wide-angle scattering . protoug :rom lower energy neutrons. Shiclding
for directionality could be accomplished; howcver, an anticoincidence
technique using a thiick, second organic scintillator as an outer cover
would be more fruitful due to the large bulk of hydrogenous material nec
necessary for totai ¢lowing of the higher enerzy neutrons,

Fast neutrons from the earth's albedo are perhaps iihe mer: inter-
esting and least explored emergy regior, The c¢cnergies of neutrons from
high-energy cosmic ray interactions are undoubtedly less abundant, and
count rates would be correspondingly low, These neutrons have energies
up to 100 eV and may be sensed by use of a proton knock-on radiator
plate with a proton range spectrometer to collect the knock-on proton.
Fig. 3-3 shows a conceptual drawing of such an arringemer', Direction-
ality of this detector rests on the predominantly forward scattering of

the proton knock-on and geome:ry oi the nentron-proton conveyter piate

yes
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or radiator, An anticoincidence shield of :i.orzanic scintillator is useo
to provide anticoincidence rejection of charged-particle background.

The basic problems are several, The n-p collision is not, in general,
a total conversion process; thus only a lower limit to the neutron energy
can be obtained. Also, the directionality is limited to the fact that the
recoll proton cannot go backward. However, at higher energies the rela-
tivistic kinematics tend to favor the forward angles for the collision
process (essentially a charge-exchange collision with small momentum
transfer), and the directionality is improved. The other problem it that
the hydrogenous radiator usually has carbon also, and the n-carbon reactions
are more complicated and less directional,

Another preblem concerns efficiency., The n-p cross section at higher
energy gets relatively small (~L.1 barn) so that the conversion efficiency
becomes poor. A converter that would allow the passage of a 50 MeV proton
would have a conversion efficiency of only about 2 percent.

Such problems notwithstanding, the following instrument is a begin-

ning toward such a detector,
2. DESCRIPTION OF WEUTRON DETECTOR

Figure 3-3 shows:

(1) a plastic ccintillator, totally enclosing detector used
for anticoincidence isolation from charged particle
background

{2) a solid-state dE/dX counter

€))

(4) a copper-absorber solid-state detector sandwich which is

'

second solid-state dE/dX counter

¥}

a proton telescope with maximum range of about 300 MeV
protons
(C) a Cii converter

Detector Cperation

(1) vetoes all entering charged particles, ¥Yeutron enters (J) knock-
ing out a proton, which triggers (2), (C), and (4). The logic and dis-

criminator levels are set on (2), (2), and (4) to distinguish protons

L) 86
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from electrens, thus
The proton telescope

n ajunction with (2) and (3),

n conju

of proton (range and identification).

convert gammas, thus vetoing themn.

tells

conversion.

energy

The entire assembly could be covered with a layer of lead to

much weight, however, and is rejected for this instrument.)

Al
S20

(This probably would add too

would measure

neutroens,

their energy, and measure directions crudely,

rut a lower lirit on

4 .

€.,

about =«

enough to identify the earth as the scurce, ratlier than the sun.

4. INGTRUMENT SPECIE ICATION
Dimensions:
Length: 12 inches
Height: 6 inches
Width: 6 inches
Weight: ~ 10 pounds
Power: 3 watts at 28 volts continuous
Thermal : -20°¢ to +60°%C
Data: 3 bits;second continuoeus
Mounting: Mission B or C 1st" fror sun line;
Missiopr A 1T from sun line
Preferred Groit: Hone
’
Rl Haymes, Rev. of -wophive., 2, p. 251 {(1in3)
2
“D.J. Williams and C.3. Bostron, J. Geophysicul Res,, 69, p. 3,7
“W. Mills, R L. Caldwell and J.T. Morgan, Rov. Sci, Instr., .2,

p. 566 (1962)
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EXPIRIMENT III-C
NTENSITY AND ABUNDAKCE OF THE
LIGHT AND MEDIVM XNUCLEI IN GALACTIIC COSMIC RADIATICHN

1, DESCRIPTION OF EXPERIMENT

Within the past few years, a considerable amount of data has become
available on the spectra of the components of galactic cosmic radiation
with charges from Z = 1 (hydroren) to 7 = & (oxysen) in the rigilit+ -aro
0.2-10 BeV,l’2 The present experiment would add to this bo.ly of ds a anc
provide infocrmation on the short term (from a few hours L¢ a fLew months)
variations in intensity and composition,

As the name implies, galactic cesmic radiation is believed on
theoretical grounds to originate within our galaxy, although a few mea-
surements of particles of energy so high as to suggest extra-galactic origin

/
have been made. The problem of the origin and acceleraticn of cosmic
rays is still a matter of some speculation; it is just for this reason

that additional data is needed. It is known, of course, that the sun

is a source of energetic particles (called solar cosmic rays to disti:
them from the subject of thic experiment) and the stars in o.r galaxy
presumabliv are similarly important sources of cosmic radiation,

A questicn which immediately arises is whether the composition of

galactic cosmic radiation is similar te that of the sun, It already

has been established that significant diffcrences exist.i It remains

to be determined whether these differences reflect differing scurce
abundances, acceleration efficiencies, or loss processes, Accurate
measurcments of relative abundances can shed some light on this problem.
For example, McDonald and Webber‘Z found that the ratio of alpha particles

to medium nuclei (6 = Z = 9) does not appear to show an increase toward

1C.J. Waddington in Progress in Nuclear Physics, Vol, &, pp. 1-45

(Pergamon Press, New York, 1960)

2 .
F.D. McDonald and W.T. Webber, J. Geophys. Res. 67, p. 2119 (1962)
3y . . Coa . o G
V.I. Balasubrahmanyan and F.D. McDonald, J. Geophvs, Res. €9, p. 32289 (194
& o S . , . . . e N—
J. Iimsleyv, L. scarsi, and B, Tossi, 7, Phys, Soc. Japan 17, Suppl. &4-111,
P 91 (1962)
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low energics that w?uld be predicted alter passage through ag/\mz of
interstellar hydrogen if the original rigidity (momentum) spectra were
similar,

It is well known that galactic cosmic ray intensity and solar
activity show an inverse relationship over the ll-year sclar cycle.
Because so much of the detailed information in the rigidity range below
a few BeV/nucleon has been obtained with balloon instrumentation, short-
term correlations of light nuclei spectra with solar activity and solar
flares would be interesting in itself and helpful in the interpretation
of balloon measurements, An experiment aboard a relatively lonyg-lived

csatellite offers the opportunity for such correlations,
2. DESCRIPTION OF INSTRUMENTATION

The most suitable detector for light and medium nuclei spectral
méasurements from an unmanned satellite is a scintillator-Cerenkov telescope

2.3.5
of the type developed at the State University of Iowa., ’ >

It comsists
of a pair of scintillators and a Cerenkov detector; the pdssage of a
particle of interest is indicated by a coincident output from the three

detectors., The pulse height from a Cerenkov detector is proportional tao

ol LD ‘
Z°(1-1/57"7) where . is the index of refraction; and the scinti:i.ut
2,.2 . . ; -
output is propertional te Z27/27. Pulse height aralysis «: each of these
outputs permits be:it Z and 1 t. be detcrmined. Detailed discurcion of some

b

oi the necessarv corrections is given by tcDonald and Webber,
For a satellite-borne expcriment with severely limited weight,
power, and telemetry capacity, the balloon instrument technique using
two or three 512-channel pulse-height analyzers does not appear feasible.
However, it appears that the particle identification problem can b¢ readily

handled by on-board data processing equipment,

F.B. McDonald, Phys. Rev. 104, p. 1723 (1956)

6F,B. McDonald and W.R, Webber, Phys. Rev. 115, p. 194 (1959

6961 -Final (II)
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Fisure 3-4 shows fae boundaries separating the varicus

nuclei in the scintillater output vs Ceruenkov output plane, These
boundarics imply that the identification of a given nucleus can be ac-
complished by a pulse-height analysis of the quantity 5-kC, where 5 is

the scintillator output and C is the Cerenkov detector output. Thus

only an 8-channel pulsc-height analyzer would be required for the particle

identification function, A second 12-channel pulse-height analysis of

C alone would yield cnergy informasticn., Thus a total of Y6 accumulators

is required, A block diagram of the system is given in Figure 3-5.
For a telescope with a © cm -ster geometrical factor, count rates

of the order of 10 counts/sec are expected, Thus low-speed circuitry

can be used throughout the instrument, XNo particular susceptibility to

damage from the launch or space environment is anticipated.

3. EXPERIMENT SPECIFICATIONS (See Fig. 3-0)
Dimensions
Optics: 6" diameter x 12" long
Electronics: 6" = 6" = 9"
Weight

Optics: 7 pounds

Electronics 5 pcunds
Poor: 5 owntts at 23 velcs
. o} 0
Theraal: -5 ¢ w0 60 C

Data: 10 bits/:rhd

omting: Miscion Dind € 90 degrees to carchi-sun axis;
Mission A 180 degrees teo the sunj; 32 dezree 1ieid
of view

Preferred Orbit: Any of three missicns
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EXPERIMENT III-D

TRAPPED PARTICLE LNPERIMENT

1, DESCRIPTION OF EXPERIMEKRT

The purpose of this experiment is to obtain experimental data about
the energetic charged particles which are trapped in the geomagnetic field,
The two types of particles which are of interest are electrons and
protons with energies sufficiently great so that the effects of gravita-
tional fields can be ignored, and whose moticns in the geomagnetic rield

will accordingly be dictated solely by Lorentz {orces,
The charecteristics of geomagnetically trapped particles can be com-

pletely described i{ the function

- A -
e U E T e n +
_).a.(.,x, s gt ,X;,l,,\>

can be determined, where

where ji = the unidirectional intensity expressed as particles-

-1 .o =1 - . . .
cm “-sec ~-steradian ~, of particles of type 1 having

:

energies between E and E + dE

r, 7,7 = the geographic polar coordinates of an arbitrary point
in the vicinity of the earth
l,m,n = the direction cosines or pitch angle with rcspect to
the magnetic field vector at r,.6
= particle kinetic energy
t = time,

The motion of a geomagnetically trapped particle is helical, being
composed of a circular motion in a plane normal to the magnetic field
about a point known as the "guiding center", and a motion of the guiding
center along the field lincs., As the guiding center moves toward the north
or south magnetic pole, the field lines converge and more aund more of the
energy must go into the cyclotron motion. The radius of gyration decrcaces

(being inverselv proportional to the magnetic field strength) anc, if




the particle is not scattered or absorbed in the atmosphere, a point is

ultimately reached where all of the energy has gone into the circular
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and reverses its direction of motion, heading back a ong the field lines
teward a conjugate mirror point in the opposite hemisphere., 1In addition
to the helical motion just described, there is a general drift to the east
for elcctrons and to the west for protons, caused by the radial component
of the field gradient.

Although trapped radiations have been the subject of many experi-
ments and a fairly consistent picture is emerging, . great _.any questicne
remain to be answered and much adcditional data is recuire . or sophiis~-
ticated instrumentation must be developed t w.nable ‘uta to be collected
from which relations between particle encrgy and particle lifetime ecan
be derived and details of the injection and loss mechanisms inferred.

Data regarding pitch angles, energy, and flux for ptotons and for elec-
trons are needed over extended periods of time so that correlations between
particle injection and such factors as solar flare occurrence, terrestrial
and solar magnetic field variations can be determined. Longitudinal drift
rates need to be measured, ?arameters governing the altitudes of mirror
points must be investigated. To date, no instruments with good energy

resolution and good directional resclution have been built and flown.
2,  «DESCRIPTION OF INSTRUMENTATION

Instrumentation for this experiment consists of a curved plate electro-

static analyzer to analyze electrons and protons in the 1 to 150 keV range,

and a solid-state telescope to analyze electrons between 150 keV and 10 MeV

and protons between 150 keV and 200 MeV. |
The solid-state telescope consists of a dE/dX detector, total E

detector, and a series of absorbers and detectors for range analysis,

The outputs of these detectors are fed into an electron-proton identi-

fication logic pulse-height analyzer and a proton-range analvzer,

1
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zeneral block

The two instruments are shown in Figs. 3-7 and 3-&, and a

diagram in Fig. 3-9.

3. INSTRUMENT SPECIFICATIONS
Size: 8 x 14 x 14 inches
Weight: 20 1bs
Power: 10 watts

Particle Type: Electron and proton
Energy Range: Electrons, 1 keV to 10 MeV
Protons, 1 keV to 200 MeV

Dynamic Range: 10l to 109 particle/cmz-sec-ster

o o
Thermal: -20 C to H0 C
Data: 100 bits/min
Mounting: Clear view of enviromment (180 derraes)

Preferred Orbit: Highly elliptical or modified sun synchronous

6961-Final (1) .97
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EXPERIMENT III-E
DETECTION OF HIGH ENERGY GALACTIC GAMMA RADIATION

1. DESCRIPTION OF EXPERIMENT

Gamma radiation is the only cosmic radiation, with the exception
of the infrequent, extremely energetic charged particles, which reaches
us directly from the galactic source, unaffected by magnetic fields,
The three sources of very high energy gamma (100 to 1000 MeV) are the
cosmic ray nuclear collision reactions, proton-antiproton annihilation
and high energy electron bremsstrahlung. In all but the last case, the
gamma is produced through decay of a “meson which results from the
primary interaction. The first is considered predominant and most sig-
nificant, Since there is no known means of producing these interactions
without very high energy charged particles, any gamma rays detected
would provide indication of such charged particles in galactic space.
If a sufficiently directional detector could be used, indications as
to the position could also be available,

Some study of such gamma rays already has been pursued., The arti-
ficial satellite Explorer XI carried a high-energy gamma telescapel into
orbit on April 27, 1961 and recorded about 100 gamma rays in this energy

range over approximately 9 hours of scanning. Several other instruments
2

C g

capable of detection of this type of gamma ray have been built .
One particularly suited for this use and apparently with some abilitvy
to resolve gamma ray energy was built for flight in the Orbiting Solar
Observatory, Satellite S-17, with the University of New Mexico as
experimenterB.

Due to the very low flux of high-energy gamma rays, slow scanning
(low roll rate) is necessary if an instrument is to accomplish any angular
resolution, A long period of observation is also necessary for collection
of significant counts, A detector placed on a solar oriented satellite
rotating at less than one degree per second would sweep most of the sky
during one-year transit through earth orbit path., Directional aperture
should be at least 30 to 45 degrees solid angle for good collection

efriciency and coverage.
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2. DESCRIPTION OF INSTRUMENTATION
The instruments which have been designed for this type of detec-

tion are all variations on a single technique. That is to convert the

. - +, . .
gamma ray to a charged pair (e , e ) by use of a high Z converter

plate, usually lead, .and detect the pair in a fluorescent scintillator.
The scintillator must be sufficiently thin to pass the charged pair
without too much energy degradation if spectrometry is employed. A
second scintillator or Cerenkov detector is used either to establish
directionality or to totally absorb the electrons and note their energv.

This energy would be proportional to the gamma energy and pulse height

analysis can be used to fair advantage. If the electrons are totally

absorbed, a thick, wide Cerenkov detector must be used to accommodate
the total absorption of all branching reactions and resulting brems-

strahlung. Lead glass is generally used to achieve such stopping

power,

The geometry of such a detector is shown conceptually in Figure

3-10. The incident gamma must pass through the anticoincidence counter

(1), which has low absorption cross section, and be converted in the

lead plate. High conversion efficiencies, on the order of 50-75 per-

cent, may be used depending on the subsequent geometry. The electron
position pair produced from the absorption is projected forward into

the first Cerenkov detector (2). The pair dissipate their remaining

energy in the lead glass Cerenkov detector (3). Pulse height analysis

of the energy deposited in such a detector will yield energy resolution

on the order of 20 to 30 percent,

Anticoincidence is provided by requiring that only (2) and (3)

coincidences are counted. (2) is protected from charged particles by
the shielding qf (3) and the anticoincidence scintillator (1). A charged

particle penetrating all three detectors is vetoed as is any particle

6561-Final (1I)
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creating a count in only one detector or in (1) and (2), The inter-

face between (1) and (2) is painted non-reflective black, reducing the

response of (2) to rear-entering charged particles due to the direction-

ality of the charged particle Cerenkov radiation,

The associated electronics consist of conventional coincidence

circuitry and pulse-height analyzers, data accumulators, power supplies,

etc, Photomultiplier tubes will be chosen for convenience to geometry,

but consistent with the requirement that they be of ruggedized con-

struction, A sketch of the syvstem appears in Fig. 3-11.

3. INSTRUMENT SPECIFICATIONS

Dimensions:

Weight:
Power:
Thermal:
Data:

Mounting:

Preferred Orbit:

©961-Final (I1)

Length 18"

Width 6"

Height 8"

17 pounds

2 watts at 28 volts

-30°C to +65°C

10 bits/min continuous

30 degree clear field; 90 degrees away from
sun mission B or C and 180 degrees away from
sun mission A

Any
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EXPERIMENT III-F
PROTON DOSTIMETER

1. DESCRIPTION OF EXPERIMENT

Based on measurements and calculations of various types of radiation

n spacc, it has been determined that the most serious radiation threat

pe

A t+
Qi L@

[ N

teo humans

wialit

n space
proton dosimeter cxperiment is desisned to monitor the’ proton fiological
dose rate in an accurate way, taking into account the rather complex
relationship between energy loss and biolegical dose rate. Data from
tihiis experiment will be useful for the estimation and prediction of
radiation damage to humans in future manned space missions.

Most experiments for the detection of protons are designed tc mea-
sure the encrgy spectrum of the radiation over a given range. In prin-
ciple, the resulting data can be used to cvaluate the radiation health
hazard by making use of known relationships between the proton flux at
a given energy and the resultant tissue damage. llowever, this approach
is impractical since measuremcnt of the entire spectrum requires a
much more elaborate instrument than one designed to measure the relative
biclogical e¢ffectiveness (RBE) of the radiation as a function of energy-
less rate.

Thus, as described below, this experiment will use a specially
designed multi-shell omnidirectional ionization chamber. 1Its response
will be proportional to the biological dose rate (vbtained by multiplying
the RBE by the absorbed dose). Depending on the specific organ for
which the dose is to be evaluated, different RBE's may be defined. One

recommended set of values is given in the Table III-l.1

1 . . . . . . .
International Commission e¢n Radiological Protection. DBrit. J.
Radiol. Suppl. 6 (1955). '
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Table III-1. Relative Dose Rate as a Function
of Energy Loss Rate

‘ Energy Loss Rate Biological Dose Rate
—'7‘;-;-{ (keV/.. of 1,0) RBE %-}D;
| ]
3.5 1 3.5
7.0 2 14
23 5 115 '
53 10 530
175 20 3500

In general, the giological dose rate has the form db/dx = f (dE/dx) so
that the total rclative dosc rate absorbed by a human is given by

Xmav
P dE 3
D = £ ( i )y dx

where Xm is a tissue thickness typical of a human. The quantity D is

>,

a function of encrgy since dE/dx is a known function of proten encrgy.

We can thus calculate the total biclogical dose per incident proten as
a function of the incident proton encrgy Eo’ D (EO). Fig. 3-12 shows &
sketch of such a curve.
i It should be remarked that if the function D(EO) is multiplied
by the proton flux j(EO) measured in protons/cmz-sec—kev, and intcgrated
with respect to energy, the resulting quantity is the average or whole-
body biologically effective dose rate in rem (if the proper units are
used). This quantity may be compared without further computation with

similarly derived measures of the absorbed dose for other types of

radiation when biological effects are being studied.
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2. DESCRIPTION OF INSTRUMENT

In section 1, a method for assigning a measure of the bioclogical

damage caused by a single proton has been described. The biological

,,,,, 3

dose D was found to 4

[

epend on the proton crergy EO. It remains to be
shown that an instrument can be devised to measure the total biological

dose which would be absorbed by a human in the same proton flux., A

spherically symmetric instrument is described which has the property
~0
that its output is very nearly proporticnal t. D(RO) F{(E ) dEC,
o o ’

vhere j(EO) is the fluwx of a beam of protons which is monodirectional
and uniform over an area large compared to the instrument. The instru-
ment is also linear so that a superposition of beams in various directions
is correctly measured. '
The instrument consists of a series of concentric conducting
spherical shells, the space between the shells being filled with argon.
Alterrate shells are connected together electrically, and a typical
ionization chamber voltage is applied, so that ions gencrated in any
portion of the gas arc collected at a common detector. In order that
the detector produce the proper output as a function of particle enefgy,
we must arranje varying spacing of the concentric shells, or varying
thickness, or both. As an exanple, we assume that the spacing varics.
In practice, there would be a few (~ 10) such spacings, but we assume

Yy

a continuous function of an illustrative solution. Then let the zap
width (the "gas shell" thickness) be described by W(r), where r is the
radial coordinate from the center of the sphere. lere we assume for
simplicity that all abscrber shells are the same thickness and of the

same material. Then the response of the instrument to a proten at a
dE

radius, r, in the chamber is proportional to -W (r) Ix

6961~-Final (II) 110



Now we illustrate the ferm of the cquation which must be solved

to define the function W(r). We refer to the sketch below. Let r be tue

wlld

& v - A TN Incident Proton

i L - re=0

radial ccordinatc frem the center of the sphere to a point on the

trajectory of a proton. Tho polar coordinate axis, 8 = 0, is criented

3 4

parallel to the directicn of the incoming proton. For an incoming
- dE . . . .
proton of energv, E , the energy loss - =—— 1is determined in a calcul-
o dx

3

able way by the amount of material it has traversed. Thus

dE
= dx - £ (EO) S’ o)

where p is the average density of the stopping material in the sphere,

Ft

and S is the distance the proten has penetrated inte the sphere. I
the gas shells are negligibly small compared to the absorber shells,

2 can be taken as constant. 1f not, we must write
o =0 + 1 -kW(r) :
{ o K

where k is a constant. Now we can write the response of the instru-

ment to a proton injected at s QO, of encrgy £ , as

o
S
o)
dR(E ) = K g W(r) £ (S, p, £) dS
o
where S is the length of travel in the spherc. Then note dS = (ife s
(&) o1l

and obtain

6961-Final (II) 11




.'TP" o
dR =K | W(r) £ (S, p, E) ang de

e i

(-8

ﬂ; o : r, sinGO‘

= K ! W(r) £ (S, -, E) ———— db&

- o . 2.

o sin ¢
(8]

r, sing
since r = *421;5—: . Here K is a constant. If the particle stops

before traversing the whole sphere, f is considered zero after the

end of the range. To extend the response te all r , 8 , we put in
0 o

the area factor 2 sin@o, and have, finally,

~/2 e
7/ 2 ”rgo 2 sinZG,
= | c 3 A 1
R(Eo) ] | 5 W(r) £ (5, p, E) r_ dé dd_
O o) sin ©
o

To employ this more explicitly, we rccognize that

S =r sin® f(ctn & - ctn 8)
o o
r sin6
=2 o
sin®

The function R(Eo) must now be equated to the desired proton dose
as a function of cnergy D(Eo), and the equation solved for W(r). This
is quite straightforward to the accuracy we are secking. One simple
method is to make a' "guess'" at W(r), solve numerically to get R(EO),
and vary W(r) to get the bcsi fit. The function f (S, o, Eo) is
actually a function only of pds, and is a known function which can
be found from the range-cnersy-cnergy loss relation.

Notc that the stopping power of the sphere should be comparable
to an average slab of the human body. This would be about 30-40 gms/cmz-
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If the sphere were made of a relatively heavy material, like copper
(the most favorable case), then it would be of the order of 5 ecm in
diameter, weighing somewhat less than a pcund and a half. Better
results might be obtained with a somewhat larger spherc, but the above
would be adequate.

The rest of the instrument package consists of a low-current,
high-voltage power supply and an electrometer circuit. The simplest
system would result if an analog telemetry channel of a few cycles
bandwidth were available, but suitable modifications to adapt the
experiment for periodic digital readout are straightforward. A block
diagrar of the proposed instrument is shown in Figure 3-13. A sketch

of a proton dosimeter instrument is shown in Figure 3-14,

3

3. DESIGN SPECIFICATIONS

Dimensions: Length 5"
* Width 3"
Height 6"
Weight: 3 pounds
Power 1 watt ac 28 volts
Thermal: -30°¢ to + 60°C
Magnetic: No magnetic fields stronger than 10 gauss

allowed around instrument

Data: 20 bits/second continuous

Mounting: Spacecraft should block as little of solid
angle as possible

Preferred Orbit: Highly elliptical or modified sun synchrenous

6931 -Final (I1) 113
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EXPERIMENT III-G
SEARCH FOR KEY GAIAOT C GAMMA RADIATIONS

1. DESCRIPTION OF EXPERIMENT

The objective of this experiment is the detection of galactic
gamma radiations characteristic of coertain nuclear reacticns and pro-
cesses of importance to astrophysicists. Gamma radiations provide the
most convenient probe of galactic usuclear reactions because of their
lack of charge and 1ow probability of interaction with Galactic hydre-
gen. Thus, a search for gamma photons of galactic origin with energies
characteristic of known reactions provides astrophysicists with a means
for assessing the abundance of such reactions in stellar atmosplicres
and galactic clouds. Efferts toward determining the intensity of such
photons have been scant and the data are lacking in spectral informa-
tion. ‘he more noderately encergetic reactions which produce gamna
radiation are the primé concern of this experiment, Those reactions
which produce gamma radiation in the 0.1 meV to 10 meV region are:

(a) Deuterium production through neutron prcton capture

reactions, H (n,v) D, resulting in 2.23 mev zamnas.

(b) Pesitron-clectron annihilation radiation at U.511 mev.

(c) Electror-proton bremmstrahlung radiation caused by
relativistic electrons in stellar atmespheres (no char-
acteristic cnergies).

(d) Carbon, nitrogen and OxXygen emission from de-cxcitaticn

2 states produced by proton inelastic scattering.

Little is known concerning the relative abundance of photons in
the galaxy from each ‘of these processes.

The first process, deuterium ‘oduction, is essentially a slow

neutron interaction and must occur where neutrons can be produced by

"

nergy charged par
e

1

o
3]

[

iigher er cle ¢ material-rich regiors

where the neutrons can be moderated sufficiently for the low energy
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absorption by hydrogen, and where the neutrons mean free absorption
path is at least on the order of the neutroas decay range. The con-
ditions described correspond to stellar and planetary atmosphere with
sufficient density to assurc moderation and capture before escape or
decay of the neutron. The abundance of such reactions may be low since
the primary source of this characteristic radiation is the cosmic ray
production of neutrons.

Annihilation gammas find their origin in the annihilation of posi-
trons created by pair production from very high energy zamma rays.

These high energy gammas are the result of the decay of ¢ mesons pro-
duced by very high cnergy proton~proton collisions. The source of
annihilation gammas should be strong compared to the deuterium production
sammas because of the greater abundance of very high energy protons and
hydrozen in the galaxy.

Electron-proton bremmstrahlung ave produced predominately in stellar
atmespheres and are believed to he the most prominent contributor in
the region of 0.0l to 1 meV. Solar emissions of this radiation vary
from 2 x 10-3 photons/cm™ -sec to 10-2 photon/cmz-sec during solar flare
activity.1 The intensities expected from galactic sources would pro-
bably be several orders of magnitude lower than the emission from the
sun.

Chavacteristic emission from oxygen, nitrogen, and carben in the

region of 1-10 meV results from preton inelastic collisicns and should

o
(¢}

[

present in any high-level stellar activity such as flarcs or novae.
Little information is available as to the expected abundance of this
type of radiation.

The reactions discusscd above are for the most part, depcendent
upon the energetic proton activity in the galaxy or the density of
hydrogen in galactic space. Information as to the intensity, energy
distribution and gencral directionality of such radiation would aid

greatly in the undersfanding of the high energy processes at work in

ho g um

Fazic, Giovanni G. '"Commcnts on Gamma Rays," AAS-NASA Sym
on the Physics of Solar Flares 1963 NASA SP=50.
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the galaxy. Little data is presently available since this region of
the galactic gamma spectrum has for the most part been unexplored.

This experiment is designed to detect 0.51 and 2.23 meV galactic
radiation and must be oriented in such a manner as to view this arca of
the celestial sphere for as great a portion of the operating period as
possible due to the very low expected flux. Stable orientation is
desirable; however, if the dircction of the aperture of the detector is
known as a function of time, the background sources (i.e., the earth
and sun) can be casily recognized since their source strength is so
much grecater. Orbital characteristics of the satellite should be such
that as much time as possible is spent out of the carth's trapped
radiation field. A low roll rate is desirable to allow time for recog-

nition of backgrcocund sources -

2. DESCRIPTION OF INSTRUMENTATION

In order to reduce the background from solar flare protons, and
terrestrial trapped radiation, the instrument must have good directional
propertics. Generally, shielding and anticoincidence techniques are
used to this cnd. Moderate angular rescolution is necessary in this
application duc to the solid angles subtended by galactic sources and
the low flux:.

m

The detector &0 he used in this experiment ie a C_ I{78) crystal

1 inch in diameter by two inches long, inserted into a well, bcred
intc a larger CSI(T’) crvstal. The smaller crystal is viewed by
a one-inch diameter puotomultiplier tube such as an RCA C713D. The
smaller crystal is blanked off optically from the larger and serves as
the gamma detector. The large crystal is viewed by four similar tubes,
the outputs of which are added and operated in anticoincidence witi the
cutput of the central tube.

The choice of cesium iodide fcr this application is dictated

by its high gamme collection eftficiencv, =zreat phvsical rugged-

ness, and its availability in large ocrvstais. The
3 P

&

o




detector aperture is in the direction of the central tube. Gammas
arriving at other angles are absorbed in the Cesium Iodide anticoincidence
shield. Similarly, charged particies are either absorbed and not regis-
tered or penetrate both crystals and are rejected with anticoincidence.
Very high energy gammas have about the same absorption cross section

and produce charged pairs which are also rejected by anticoincidence.

The effective aperture of this device as described is on the order of

one steradian and has front to back background reduction of about 10 to

1. The reduction of background from the wide is by a factor of threce.
This background reduction could be increasad by Increasin: the zize o
the anticoincidence shield. The weight of the detecter as described
is about 3 pounds.

The dotector is used with a pulse height analyzer using 1g cuannels,
> channels centered on the 0.51 meV cnergy and 3 channeis centercd on
2.23 meV. Data in cach channel are accumulatod during the observaticn
of the galactic source and transmittod before the detector accunulates
data from backgound sources which may be subscquently viewed duriang
the scanning poriocd. The electronic circuitry in general is com-
prised of the following:

Preamplifiers

Pulse shaping amplifier
Diseriminators

Coincidence circuits
Accunylators

Commutators

iligh-voltage power converters
Low-voltage power converters

Voltage dividers

[
fonn
el
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3. INSTRUMENT SPECIFICATIONS

Dimensions:

Weight:
Power:
Magznetic:
Thermal:
Data:

Mounting:

Preferred Orbic:

6961-Tinal {11}

Length 12"

Width 6"

Height 6"

15 pounds

6 watts at 28 volts

Magnetic shield on PM tubes

-30°C to +60°C

~500 bits/orbit sampled once per orbit

90 degrees from sun line on mission B; 180
degrees from sun on mission A: 45 degrees
field of view

Highly elliptical; modified sun synchronous
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EXPERIMENT III-H
SPECTRUM AND FLUX OF HIGE-ENZRGY GALACTIC PROTONS

1. DESCRIPTION OF EXPERIMENT

The following experiment is designed to measure the flux of galactic

protons as a function of energy. As a result of numerous spacecraft

measurements in outer space, before the energetic particles have had

cpportunities to interact with atmospheric nuclei, considerable data

are being gathered by scientists regarding cosmic ray phencmena. For

example, a recent experiment on the IMP-l satellite” permitted a
determination of the intensity and energy spectra of primary cosmic

ray protons in the 13- to 75-Mev range. However, additiocnal measurec-

ments, particularly at higher energies, arc essential before astreo-
phnysicists will be able to determine the nature and origin of these

particles, their relations to the origzin of the universe and to atmos-

pheric interactions.
High-energy galactic protons are energetic particles that originate

from outside the earth's atmosphere. These protons have the following
p p

propertiecs:
-14 2 9
(a) Flux rates of 10 protons/M -sec-ster for 1077 ev

2
particles and 1500 protons/M ~sec-ster for 107 ev

particles

Single-particle trajectories

~
o
~

Accompanied by alphas, gamma rays, electrons, neutrons,

~
¢]

N

and stripped atomic nuclei

(d) Traverse large regions in space

(e) A considerable percentage of the radiation flux con-

tains particles having energies in excess of 500 Mev

t of Low=-FEnergy Primary Cosmic-Ray
al Review Letters, 13, 28 Dec. 1964.

o)

1
* McDonald & Ludwig, 'Measuremen
Protons on IMP-1 Satellite," Physic

2 D. P. LeGalley and A. Rosen, Space Physiczcs, Wiley, 1964,
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High-energy galactic protons originate in the galaxy and may
travel great distances through interstellar space before rcaching
the solar system. These particles therefore provide a probe for
detemining the propertices of galactic and interplanctary magnetic
fields, and the density and composition of matter in the universe.
Particles originating in stellar bodies make pessible a determination
of the life-cycle mechanisms of stars.

The use ¢f satellites and space probes for the study of galactic
cosmic rays is stili in its infancy, and a great many experiments
repain for future missions *to confim the reliability of existing data
and to obtain new data on previously unmeasurcd phenomena. The pro-

0
pe

4]

ed experiment will collect data on protons with energies from 6 to

&

(V1]

0C Mev. Thus, in addition to high-energy proton measurements, back-

up data will be obtained to verify low-energy proton measurcments.

2, DESCRIPTION OF INSTRUMENTATION

The proposed proton detector (Figure 3-15) will consist of a solid-
Statc-scintillator combination range telescope. The detector assembly
will be cylindrical, 3 inches long, and 1.5 inches in diameter. seven
solidfstate detectors and five tungsten absorbers will be surrounded
by a plastic scintillator anticoincidence sheild (Figure 3-15). The proton
spectrum will be meas: cod with an average cnergy resolution of 20 ocor-
cent up te 200 Mev. Above 200 Mev, the resolution and counting efficicncy
of the detector may decrease to 30 percent.  The energy spectrum will be
n '"bins" as follows:

to 12 Mev
12 to 25 Mev
25 to 50 Mev
50 to 100 Mev
100 to 200 Mev
200 to 350 Mev
350 to 300 Mev

> 500 Mev

divided into sev

(S N ]




A{//////,Scintillator

] 2 D3 b4 D5 D6 D7
o j ] ] 7% /
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NOTE: Di = Solid-State Detector

Tungsten Absorber

FIG. 3-15 PROTON DETECTOR ASSEMBLY CROSS SECTION
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Instrument resistance to damage from radiation and environmental
extremes is high and a very reliable instrument for Spaceflight appli-
cations is feasible. (A reliability of 0.90 for i year of centinuous
operation is a practical figure for the proposed instrument.)

A block diagram of the instrument is shown in Figure 3-16. he in-
Strument consists of a proton detector, pulse conditioner, proton
selection logic, pulse height analyzer, accumulator, data processor,
Program control, and power conditioner. Particles other than protons
(alphas, betas, etc.) will be rejected on the basis of their different
rates of energy lcsses in the detectors when compared to protons. Solid-
state circuits available for the electronics assembly have proven ability
to sustain high radiation levels without serious degradation in per-

formance.

3. INSTRUMENT SPECIFICATIONS (See Fig. 3-17)

Dimensions: Length 9"

Width 8"

Height 8"
Weight : 7 pounds
Power: 2 watts at 28 volts
Thernal: -lOOC to +6OOC
Data: 9 bits/minute, continuous
Mounting: Aperture toward Space, 45 degree field of

view, center of field 90 degrees away from
sun mission A

Preferred Orbit: Any mission

]

-
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EXPERIMENT ITI-I
LOW ENERGY PROTON SPECTROMETRY
WITH DIFFERENTIALLY SHIELDED SOLAR CELLS

1. DESCRIPTION OF EXPERIMENT
A considerable amount of data has been accumulated on proton and

electron fluxes in earth space. Such data organized in B-L cocrdinates

3 o T AT A~ o oo ey ATV e L ke e e E L VoSO P |
have yiclded the information fnecessary to ai.0w Construction oL a mwodel

o]

for the radiation belts.

While the instantaneous natuare of counter type nuclear detectors
has provided much scientific information it has sometimes led tc ambi-
guity. When particle flux intensities rise to higher than anticipated
levels, counters may block. Likewise, the use of instantanecus detec-
cors in radication environments where rates fluctuate as a function of
time, makes the normal averages difficult to obtain.

A crystal dosimeter radiation detector may be used to advantage
in certain applications. It has a large dynamic range, extending over
four to five integrated flux decades. It provides a measurc of the
time average of radiation incident upon it (accumulated dose). A
convenient embodiment of such a semicconductor crystal dosimeter is the
solar cell. Solar cells have become better known in terms of radintion
damage history than any cther semiconductor device. The use of such
devices for dosimetry has certain important advantages.

p

1. The devices are self powered and do not require an associated
power supply.

2, Since the usual rates of damage accumulation are low, the
readout requirement is modest, being of the order of a few
bits per week.

3. Depending upon the intended mode of operation, the electrical

characteristic may be utilized to elicit information about
the damaging particle.
4. 1In certain impedance configuracions, the signal is quite

insensitive to device temperacture.
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5. The devices are quite reproducible and can be fabricated
sufficiently alike tc allow control tests in a laboratory
in order to simulate expected space conditions.
Inherent in the advantage of the integrating nature and low bit rate
of such solid state dosimeters is the disadvantage that instantaneous
flux information cannot be obtained and recorded information will
represent a time and space average of the encountered instantaneous
particle irradiation.

Frequently the time and space rate of change of fluxes is so rapid
that a considerable amount of uncertainty exists about average rates
based upon a rapid instantaneous survey. It is therefore submitted
that a simple inexpensive dJdosimeter experiment placed in circular orbic:
at varicus altitudes will provide statistically useful informaticn.

Recent experimentation has resulted in the ability to apply inor-
ganic window materials to solar cell surfaces. These window materials
are bonded intimately to the surface of the silicon solar cell without
any intervening adhesive. The range of thickness achievable varies
from less than one micron up to hundreds of microns.

Data from experiments on Explorer XII and Relays I and II have
indicated that extremely large fluxes cf low enerpy protons sappear Lo
exist in the environment of near earth space. Energy-discriminating
particle detectors are the conventional tcols for electron cor preton
spectyometry. They are a part?ﬁfreasonably sophisticated systems re-
quiring controlled power, exacting environmental conditions (tempera-
ture, etc.), and large information storage and transmission capabilityv.
In view of these requirements, such detectors are not put on every
available vehicle simply because of a cost, weight, and power require-
ment, although the gathering of additional reliable data would be
useful. This experiment seeks to eliminate the sophistication element
from the proton dosimeter and thereby make the experiment amenable to
every space vehicle in circular orbit. The use of such detectors on

a highly elliptical orbit is meaningful from an engineering standpoint
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only. The intended energy discrimination comes abcut through the use
of solar cells with differing amounts of shielding on their surface.
In this way, it is expected that one may g0 from 100 KeV protons by
the use of a grown SiO2 layer of 0.9 micron thickness to a proton
energy of 2 MeV for a 50 micron thick shield (Figs. 3-18 and 3-19).
Higher energy protens will provide a residual background for these
devices which is independent of shield absorber thickness. The same
holds true for electrons. In the case of electrons, an energy of
only 100 KeV is sufficient to penetrate the thickest shield. Since
the electron threshold energy for cbservable damage in silicon is

145 KeV in N type material and 200 KeV in P type, those electrons in-
capable cf penetrating the thickest shield are also incapable of
causing damage. The amcunt of damage resulting from the higher energy
electron fluxes should be appreximately equal for all specimens and
independent of shield thickness.

The radiation damage, due to high energy particles, in silicon
sclar cells, manifests itself mainly as a loss in shert circuit cur-
rent. The open circuit voltage degradation follows the short circuit
current loss reasonably well, especially when the increase in satura-
tion current is accounted for.

In the case of low energy particles, which produce most of their
damage very close to the surface, a departure from the abcve occcurs.

The low energy protcen damage manifests itself as a relatively

\

rapid drop in cell operating voltage with only a slowly falling short
circuit current.

In view of these differing effects, cells for dosimetry would be
operated in equal absorber pairs, so that both high impedance and low
impedance configurations can be monitored. In a typical experiment,
one would fly cells with glass coatings to give the following energy

intervals: -

o
D
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Encrey Interval Glass Shield Thickness

Less than 100 kv hase solar cells
100 te 250 kV 1.0 micren
250 te 500 kv 2.2 microns
500 kV to 1 MeV 5.5 microns
1 MeV to 2 MeV 45 microns

If ample telemetry is available, cne would commutate all pairs once

per day for a total of 10 telcmetry bits per day.

2. DESCRIPTION OF INSTRUMENTATION

In order to finali-a experimental parameters, it is necessarv ¢

undertake 2 detailed experiacntal study assessing the effect cf low
enerzy protons with different cenergy spectra upen solar cells with
glass ceoatings. This experiment will comprise the following steps:

1. The fabrication of 40 cells with dimensions 1 x 1 ¢ém” with

integral glass coatings of varicus thicknesses such as
10 cells with glass shield 1li: thick
10 cells with glass shield 2:. thick
10 cells with glass shield 6. thick
10 cells with glass shield 25, thick
2 The design of a proton irradiaticn expcriment to be carried
out at a suitable facility. A minimun of 5 cells of a desir-
able size will be sclected from each category and will be
subjected tc irradiaticns to proton doses sufficient to cause
damage (% = lOll protons). The irradiation will be done with
protons of different energies, from 100 KeV to 1-2 MeV;
current-voltage plots of cells will be made after each
irradiation.
3. The data development in (2) will be analyzed, and the incident
proton spectrum will be unfolded from the electrical character-
istics. Complete set of cells for flight experiment will be

furnished.

F961-Fnal (TT) 132
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3. INSTRUMENT SPECIFICATIONS

Dimensions:

Weight:
Power:
Thermal:
Data:

Mounting:

Preferred Orbit:

6961-Final (I1)

Lengtﬂ 6"

width 6"

Height 0.5"

1 pound

0.2 watt for thermistors for 10 minutes
-30°¢ to +70°¢C

10 bits/orbit

Sun-oriented

Any
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EXPERIMENT II1I-J
SATELLITE CHARGING AND DISCHARGING CHARACTERISTICS

1. DESCRIPTION OF EXPERIMENT

This experiment is designed to measure the characteristic times
required for charging and discharging a satellite to potentials much

ciated with ionospheric thermal energies. Pulsed

e

arger t
electron and ion guns would supply the charging current, and satellite
charge would be measured by a vibrating-piston electrometer or rciatiug
field mill,

By means of Langmuir probes and more complex electrostatic pl: mu
analyzers a considerable amount of data has been amassed1~g conviderivz
density and temperature of ions and electrons as a function ¢! altitu e,
local time, solar activity, and other parameters. In many cases the
measurements also result in the determination of the potential of the
vehicle with respect to the plasma, Potentials of the order of a velt,
almost always negative, are obtained, This result is consistent with
the measured plasma properties and in qualitative agreement with rou_h
calculations based on kinetic theory. Basically, the satellite (hargos
to a potential such that the net current to the satellite is zern., lor
most satellite altitudes the most igportant contributions to this curven

are made by the ion ram current, the electron and ion thermal currents,

and photoelectric current,

1R.E. Bourdeau, Space Research II, Proc. of International Space Scicnce

Symposium (p. 554 (Florence, 1961)

“H, Friedman, Proc, of International Conf. on the Ionosphere (ilondorn, 1902)

3R.C. Sagalyn and M, Smiddy, Space Research IV, Proc, of Internaticnal
Space Science Symposium, p., 371 (Warsaw, 1963)

N.W. Spencer, L.H, Brace, C.R. Carignan, D.R., Taeusch, and H, “icrais,
J. Geophysics Research 70, p. 20665 (1905)
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When the satellite carries an additional source of current, Ior
example an ion engine or station-keeping rocket with an incompletely
neutralized exhaust, potentials correspcnding to energies much greater
than thermal (about 0,1 eV for the ionosphere) may be produced. There
is an upper limit to the satellite potentials which can be produced in
this way, for eventually electrostatic forces will reduce the exhausted
current to zero. In many instances the equilibrium potential will be
much smaller, for the normal current sources will tend to compensate

for the "artificial" current,

1f a satellite or rocket is charged to a high potential and the
source of charge suddenly removed, the vehicle will return to thermal
potentials in a time determined by the rate at which electron or ion
neutralizing currents discharge it,.

Although rough estimates for the magnitude of ram, plasma, and
photoemission currents can be made, a detailed calculation of the net
available current as a function of vehicle potential is not possible,
There are two reasons for this: 1) detailed information on the charge
density and velocity distr}bution, secondary emission coefficients, work
function, etc., are often not available; and 2) mathematical complexity,
introduced by the complex geometry, vehicle motion, ambient magnetic
fields and other factors, precludes a detailed analysis.

The knowledge of satellite potential as a function of current and
of satellite discharge times is of some importance on vehicles with
potential current sources aboard., High satellite potentials may signifi-
cantly reduce the efficiency of ion engines, and sustained potentials
produced by pulsed sources could affect the operation of instruments and
equipment on the vehicle,

Very few measurements of the type envisioned here have been reported.
The satellite Explorer 8 carried an electric field mills, as well as
several plasma probes but had no source of charging current, Rocket
57

measurements by both U.S. and Russian experimenters have indicarted

SR.E. Bourdeau, J.L. Donley, and E.C, Whipple, Jr., NASA TN D-414 (Apr 1952
6

R.E. Bourdeau, J.E. Jackson, J.A, Kane, and G.P, Serbu, Space Rescarci,
Proc. of International Space Science Symposium, p. 328 (Nice, 1950)

Ior

.
"1.M, Imyanitov, 6.1, Gdalevich, Ya. M. Shvarts, kaSs TT T-8529 (et 19GC
£961-Final (II)
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field strengths of no more than a few volt/cm, but in several cases it
is suspected that plasma currents may have interfered with the measure-
ments. In any case, no correlation with engine charging current is

available.
2. DESCRIPTION OF INSTRUMENTATION

The proposed experiment uses an electron gun, ion gun, and electric

ot
a}

field meter. The guns are puised on for about a second, with fas ise
and fall times. The total charge expelled is such as to raise the
potential of the vehicle by no more than 1,000 volts (a lower limit for
the capacity of the satellite is the free space value), and an accelex-
ation voltage of 5 eV is used. Thus the vehicle potential will have
little effect on the gun operation., Electron and ion guns are operated
alternately at intervals of about 20 seconds (all estimates of discharge
times seem to give results below 1 second). The rise and fall times of
the surface electric field strengths, as well as the maximum field
strength, are obtained from the output of an electric field meter of the
rotating vane or vibrating piston type. 1f sufficient telemetry band-
width is not available, some means of sampling the output may have to

be provided.

The electronics required include a high-voltage power supply (5 &V
at a few microamps), a low-voltage pulser, filament supplies, and ampli-
fication and data conditioning circuitry for the field meter., A small
gas source with a solenoid-operated valve is required for the gas source.

Intermittent operation of the experiment for about 3 minutes at a time is

anticipated.
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INSTRUMENRT SPECIFICATIONS

Dimensicns:
Weight:
Power:
Thermal:
Magnetic:
Data:

Mounting:

See Tig. 3-20
4 pounds
10 watts
-20%¢ to

(operating) O watts (standing)
+0°C

Fields above 50 gauss must be excluded

Analog O to 45 volts, 100 cps for three minares

180 degree clear view of space for electron/
ion source; electric field meter {li-h with

spacecraft surface

Any; moderate additicnal data available from

highly elliptical orbit

137
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EXPERIMENT III-K

IONIZATION CHAMBER EXPERIMENT

1. DESCRIPTION OF EXPERIMENT

During the past 5 years, many ionization chamber experiments havc
. 1 . c L. -
been flown on space vechicles to measure integrated radiation flux in

near and outer space. These experiments have provided valuableo

fic data on the radiation environments in space.

The proposed experiment will provide backup data for cerrelas

with cther radiation or engineering experiments. Radiations -.

will include Van Allen belts, solar flare protons, cosmic rays, and
sccondary emissions from the ATS spacecraft. The following exper crts
will profit from ionization chamber data:

(a) Radiation damage investigations

{b) Proton dosimet;y

(c) Detection of high-energy galactic gamma
radiations

(d) Spectra of galactic electrons
(e¢) Trapped particle measurements

(f£) Spectrum and flux of high-energy galactic
protons

(g) Solar flare proton spectrum neasurcments
A key objective of this experiment will be to measure a brcoad
range of radiation fluxes with an accurate knowledge of threshold
energies for protons and beta particles. The ionizing effectivenoess
of proton and beta particles is a function of shell wall thickness

and the internal pressure of the sphere. Thus, for a constant radiation

flux density and particle energy, greater ionization will be produc

when the walls of the chamber are made thinner and the chamber fili.or

1

Rangcr, Mariner, Pioncer, Explorer, and 0GO.
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gas density jg increased. The lonizing effec

is Primarily a function of gas dens

of wall thickness. Thus ail gamma rays will be detected.

energies required for protons

tiveness of yarma

ity and is relatively independent

The minimun
and betas to Peénetrate a shell wall can

be casily determined by a simple computation.

for the shell
ironz. To achiev t threshold range (o, g,
ive ionization chambers will pe required.

of low ionization current (3 x 10_8

0.5 to 1000 Mov)

, Because

to 1 x 10-14 aperes/second)

chamber pressures wjill vary from 4 to § atmospheres of argon.

2, DESCRIPTION OF NSTRUMENT

A quartz-fiber clectrometer lonization chamber is the best type

of instrument for measuring

integrated radiation flux and has been used

T adiation sur-

The typical chamber consists of a thin stainless steel or alumimn

sphere 5 inches in diameter and filled with argon. When the cham! r

is
exposed to ionizing radiations, ion Pairs formed withip the chambicr
gas are collected by an aquadag~-or Platinum-coated quartz collectine
rod. This rod is initially charged to a Bigh voltage. As -hay.-. is
neutralized, the rod potential drops to g preset v

oltage, the finher
makes contact wit

h the rod and recharges it, See Figs. 3-21 anc 3-37
nge of the instrument ig 2 mr/hr to 10¢ wr/

The dynamic ra fhr. oicas
threshold energies for one chamber are listed

below:
Protons 2 10 Mev

Betas > 0.5 Mevy

Gamma rays - z11

——————— e

Bethe, "Tie Hangor-ﬁncrgy Relations for Si1me Alrha Pariic:
Protons in Alr," Roeview of Mod I

Ceern luysics, Vel, 22, 1950,
T LSS, Vel 22

-

2901-Tinal (I1) 14




FOUR ATMOSPHERES
OF ARGON

+ SHELL—»

AQUADAG

COATING
r___

A
NECK ~———t
COLLECTOR

i R

SHIELDING CAN

— FIBER (Diameter: 10 to 12 Microns)

MOUNTING CuP

SIMPLIFIED ILLUSTRATION
OF ION CHAMBER

y !
T0
PREAMPLIFIER
RL$ 002 in
200k QUARTZ FIBER—
+j_ PLATINGM COLLECTOR
30V = WIRE SiDE ARM
-1 CONNECTING PIN
SECTION A-A
-
‘ UPPER HALF OF
SHELL
—HELI-ARC WELD
-~ ,. 8
LOWER HALF OF
SHELL
QUARTZ COLLECTOR
SHIELDING CAN
NECK i §INCK DIAMETER)
CLAMPING FLANGE GASKET
TIG. 3-22 3 COLLECTOR
MOUNTING CUP CLAMPING RING
CROSS SECTION OF CIRCUIT BOARD
ION CHAMBER SPIDER

HEADER

_/L-— * #N | +
PREAMPLIFIER COVER CONNECTOR ( DEM -9P, NM-{-C33)

zim—-—l



The ionization chamber is not susceptible to radiation darage
and can withstand launch and space environments. The instrument's
light weight (< 1 1b) and low power consumption (< Mw) make it ideal
for spacecraft applications.

A possible instrument block diagram is shown in Fig. 3-23. TFive
chambers with different shell thicknesses for different threshold
energies could be used.

The electronics for the experiment is very simple. Signal con-
ditioners, a data contrel, and power conditioner are the only circuits
required. Small-current (10_14 #a) preamplifier designs for the signal
conditioner arc currently available for this application and rno unew
advancements are necessary,

The cperating voltages will be 300 Vdec, 12 Vde, and -112 Vdc
generated internally from +28 volts. The unregulated electronics
stability will be better than = 2 perceant from -50°C to 150°C, sus-

ceptibility to radiation damage is negligible.
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3. INSTRUMENT SPECIFICATIONS

Dimensions:

5" diameter x 10" long (each)

Weight:
Power:
Thermal:
Magnetic:
Data:

Mounting:

Preferred Orbit:

6 pounds

1.5 watt at 28 volts (each)

-50°¢ to +150°%

< 5 gamma

100 bits/second continucus

Boom mounted away from spacecraft

any
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PLANETARY ATMOSPHERES

BACKGROUND

The planetary atrmospheres discipline covers the research on the
atmospheres of the esrth, the other planets, and the rcon. This
section is concernecd with the earth's atniosplere.

The study of the earth's atmosphere is primary ccncerred with
the region of the atmospliere above approximately 30 km. Aside frow
the variations in moisture content, temperature and pressure as
altitude increases, a significant departuré from the sea level char-
acteristics occurs at about 30 km where ozcne becomes important in
determining the behavior of this region of the atmosphere. Here,
the behavior and characteristics of the atmosphere are determined
by a trace constituent not sign}ficant at lower levels. The exper-
iment gontained herein relates to the characteristics of the earth's

- - %
0ZOLll tiea .
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EXPERIMENT IV-A
MEASUREMENTS OF EARTH ULTRAVIOLET RADIATION FLUX

1. DESCRIPTION COF EXPERIMENT

Ultraviolet radiation, which is reflected or emitted from the
earth, will be an information-packed portion of the spectrum and is
scientifically interesting.

Because of the nature of the ozonosphere, it is considered rost
desirable to concentrate the measurements for this particular exper-
iment in the ultraviolet region between 2000 and BOOOi. There are
four reasons for this choice. First, the total energy at wavelenyths
from 0 to 2000% is less than 0.0002 of the total solar energy, while
that between 2000 and 3000% is some sixty times greater than this.
Second, most of the radiation at wavelengths below 2000% is confined
to numerous emission lines, so the spectrum is a line spectrum and
requires reasonably high resolution spectrometers for precper measure-
ments. Such sophisticated instrumentation, and the attendant high
cormunication requirement,‘is outside the scope of that anticipated
for this satellite. The spectrum in the 2000 to 3000% region, on
the other hand, is largely continuous, thereby being amiable to
meaningful measurements with simple instrumentation. The third
reason for investigating the 2000 to 3000} region is a purely scien-
tific one. Radiation at 3000k > A ZOOOE penetrates down in the at-
mosphere to the ozone layer at altitudes of 30 to 60 kilometers,
whereas radiation at the shorter wavelengths is effectively ab;orbed
at the 100 to 150 kilometer altitude. Thus the characteristics of
the ozonosphere are observable in the first, but not the second,

spectral region.

pu
=
o
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The ob’ective of the experiment is to measure the intensity

y

the ultraviolet radiation at selected wavelengths in the 2800 to
30004 region in order to determine the large scale distributicon of

atmospheric ozone.

2. EXPERIMENT DEFINITION

The experiment would make measurements of the intensity of
radiation in the 2800 to 3000% region, for a scientific investiga-
tion of atmospheric ozone. 7This type of study has been performed
only from a thecretical standpoint, sc a successful completion cof
these measurements would be of basic significance. The instrument,
the design of which is outlined belww, should provide the necessary

data.

3. EXPERIMENT DESIGN
The ultraviolet experiment would consist of:

1. A broadband instrument for measuring the earth-reflected
ultraviclet flux. The spectral extent would be through
the entire 2000 to 3000% range as defined by the broad-
band optical filter. The optical system would consist
of a simple objective lens made of quartz, a filter. a
Fabre lens, and a photomultiplier tube. The filter could
be made of nickel sulfate hexahydride crystal as reported
by Childs. The extra transmission window at %\ > 3506
would be of no consequence if an appropriate detector
were selected. The detector could be any one of several
photomultipler tubes, such as the ITT FW 157-1 with a
fused silica window. A field of view of a 2-1/2 degree,
half-angle cone would be reascnable. In order to compute
the total flux on the spacecraft components one would
have to make a series of measurements as the field c¢f ~iew
of the instrument was swept acrecss the earth disc (accom-

plished mechanically). A burst of twenty measurements




during one 180 degree sweep would furnish the required
data, the burst to be repeated once per minute while the
satellite is over‘the sunlit hemisphere of the earth.

A narrowband ultraviclet photometer would measure the in-
tensity of the earth-reflected radiation for the purpose
of determining the ozone distribution in the atmosphere.
This would be a three-channel instrument for measurements
of earth-reflected sunlight in thee2800 to 3000i region.
The spectral bandwidth should be of the order of 10. for
each channel, but a definition of the best wavelengths
still requires some ccmputations. This instrument alsc
weuld take a burst of twenty measurements on each channel
as the field of view was swept across the disc of the
earth (also accomplished mechanically). A one-minute
repetition rate would be adequate. Any of the commer-
cially available photomultiplier tubes of high sensitivity
in the 30003 region would be suitable for this type of
measurement and many different materials are available for
the optical components. Commercial interference filters

of 10. bandwidth in this range are readily available.

On-board calibration of the photometers would be necessary in

order to assure interpretable results throughout hhe long lifetime

| cf the experiment. A convenient standard for the broadband channels
is a mercury source which emits a strong mercury line at 25375 . For
the three narrowband channels a low-intensity continuum source would

be indicated.

4, EXPERIMENT/SPACECRAFT INTERFACE REQUIREMENTIS

The interface requirements for the ultraviolet experiment are:

Special Instruments: 1 broadband radiometer, earth-
oriented

1 narrowband multi-charn-el photom-
eter
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Size: 4 in. x 4 in. x 3 in. rer instrovens
Weight: Broadband radiometer (earth-criented;
1.5 pounds
Narrowband multi-channel phoeoteneter

2.5 pounds

Power: 3 watts

Data: 250 bits/minute during sunlight earth
Thermal: -20%C to +60°C

Mounting: View sunlight portion of earth

The instrumernts should view the earth, the fields of view being
swept across the disc of the earth from herizon to horizon by mech-
anical rneans. For purposes of data correlation, the fields of view
of both earth-oriented instruments should coincide.

The earth sensing portion of this experiment would be eliminatec
in the case of a highly elliptical orbit because the large variatiec:ss
in altitude would make it difficult to design an experiment that would

yvield meaningful data.
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EXPERIMENT WV

TONOSPHERES AND RADIO PHYLICS

1. INTRODUCTION

The earth's ionosphere is that part of the upper atmosphere

[
(o]
[¢]

which is sufficiently ionized to affect radio waves. For this study,
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tigating the nature, origin and behavior of these ionized rezions,
as well as their influence on radio waves.

The earth's ionosphere is produced by the interaction of solar
radiations and energetic particles with the neutral atmosphere. lluch
progress has been made in establishing the density, temperature, and
neutral compesition of the atmosphere. Prozress has also been made
in measuring the flux of the ionizing radiations. For easier refer-
ence, the ionosphere has been divided into three regions. In the
D-region, 50-85 km, the ion density is low and the collision frequency
is high. The E-region, 85-140 km, defines a transition zone in which
the ionization rises rapidly with altitude and the collision frequency
is still high enough to cause radio-absorption. The highest electron
densities occur in the F-regzion at an altitude of about 300 km. The
collision frequencies are tco low to cause much absorption and the
major effects on radio-propagation are caused by the high refractive
index.

The most advances in ionospheric physics have been made in the
exploration of the region above the peak of electron density at about
300 km. This was made possible by means of a satellite mounted ion-
osonde (Topside Sounder), the development of the high powered inco-
herent backscatter radar, and the direct measurement of electron

concentration and ion masses with probes carried in rockets and

artificial satellites.
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An important result derived from this investizaticn is th

discovery of lonized helium in the upper atmosphere. It was

supposed that the atmosphere at heights greater than about 300 o

il

consisted of oxygen at the lower altitudes and hydrogen at the Di:

a

altitudes. Air density studies from satellites indicated that helluns
probably was an important constituent. This was later verificd by
mass spectrometer measurements from satellites.

Many unknowns still exist in the knowledge of the topside of the
ionosphere. More knowledge is required on the temperaturc of the
electrons, ions, and neutral constituents. Gaps exist in the lmowl-
edge of the densities and composition of the neutral constiruenss

above the F2 ma:imum.
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EXPERIMENT V-A
TOPSIDE SOUNDER

(1000 km or Higher Orbits)

1. DESCRIPTTON OF THE EXPERIMENT
The teopside sounder experiment is designed to measure the cloctron

density profile of the ionosphere above the point of maximum density at

1

abocut 300 km. The principle of the measurement is based on the

that a radioc wave incident on a plasma will be reflected if the lucal
plasma frequency fp =9 {Ec , where n, is the density in m-3, is cqual
to or greater than the frequency f of the radio wave. Consequentiy,
the distance from a transmitter to a plasma layer of a given de:sity
can be determined by measuring the time required to receive an ccho
when the layer is illuminated with a radio wave with £ > f . If the
- P

frequency of the radio wave is swept, a plot of echo time vs fruquency
can be interpreted as a density profile. The density and eche froguency
are related by the expression given above, while the altitude is ob-
taincd from the eche timce by a computer analysis based on the lnown
propazation characteristics of radio waves in a plasma.

Vhen an ionuspheric sounder is carried aboard a satellite at
high altitudes, the technique described above yields a profile ol toc
ionosphere below the satellite. Since the ionospheric clectron demsity
is characterized by a maximum at about 300 lm, only the region above

that altitude can be studied; any wave of a frequency high enough te

penetrate the FZ peak will also penetrate the plasma below it.

6961-Final (IT) ’ 2 .
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The first topside sounder vas designed for the joint U.5

. 1 .
Satellite Alcvette™, Developmental models were first tested on

launched from Wallops Island and produced interesting

be interpreted as echoes from field-aligned ionization irregularities.
. - 3

The wealth of data obtained from Alovette

topside sounder technique as_one of the most valuable for obtaining
detailed information on the electron density profile and structure of

the upper icnosphere. Of particular interest is the p0551b111ty of

4 .
obtaining cross-sections or "contour maps" of the ionosphere” which

give a breader picture of its Structure than can be obtained by cther
techniques.,

2. DESCRIPTION OF INSTRUMENTATION

A block diagram of the topside sounder is shown in Figure 5-1

sweep frequency from 2 to 10 Mc is generated by beating a fixed 10 M
oscillater against a swept 12-20 Mc oscillator. This technique is
used to reduce the bandwidth required of the swept oscillator.
2-10 Mc signal (corresponding to plasma densities

from (4.7 x 10 c=
=3, . . . ,
to 1.18 x 106 cm ) is fed to a pulsed transmitter., Transmitter pulses

of 100 ..sec. length arc Scparated by 900 ._sec. receiving pericds during
which the cchoes are detected, A complete sweep from 2-1C Me is some

pleted in 5 scc.

J. 1. Chapman and E. S, Warren in Electron Density Dlstrtht-

has alrcady established the

-Casadian
raockots

)
data”™ which ceould

O
i

Toncsphere and Exosphere (N vorth-Holland, Amsterdam, 1964),

2

W. Calvert, T. E. VanZandt, R. W. Knecht, and G. B. Goe, Provc. into:
national Conf. un the Iuhusphcre (Lendon, 1962), p. 324,
3

J. E. Jackson in Clectryon Density Distribution in the Iones
Exospherc (uortb-xorLa“d Amsterdam, 1964), p. 325,
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The trarsmitting and receiving actenna preosents a frocial Goci-c
problem in a topside sounder; a reasonable efficiency can

enly with a very large antenna. In this case, a dipcle antenna Lou

feet tip-to-tip will be used. Two retractable steel tubes 50 i
length extended from the satellite after injection will ¢ = <.
antenna. An even longer antenna was successfully deploved o Alovette,

so this does not represent an advance in the state-of-the-art :an.

3. INSTRUMENT SPECIFICATIONS
Dimensions: 13" x 6" x 8" electronics
2 deployable 50-foot antennas
Weight: 25 pounds,
Power: 15 watts at 28 volts (on 2 minutes)
Thermal: -10°C to +60
Data: 500 bits/second
Mounting: 2 apertures 180° apart for antenna required

Preferred Orbit: 1000 nautical miles modified sun svnchronous
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ENPERIMENT V-B

INVESTIGATION OF THE COMPOSITION OF THE UI

t
1, DESCRIPTION OF EXPERIMENT

Although a vast amount of data on the density, composition, and

dynamics of the ionosphere have been collected, relatively little infor-

mation is available for the regions above 500 to 1000 km, It is preposed

to measure the densities of the ionized constituents above &00 km
(500 miles) by means of a gridded spherical electrostatic probe used

as a mass spectrometer, The measurements will be continued to ap

I3

o0

(40,000 km) , thus yielding information over a large part of tiu
magnetosphere,
Measurements of the kind proposed in this experiment have heen

infrequent because most rockets and satellites are coniined to lower

altitudes, and the ionosphere above the F region maximum at about 300 km
is inaccessible to radio probing from the ground, except for the limited
information obtained from the study of whistlers,

It has been suspected for some time that helium must be an impori-
ant constituent oi the upper ionospherel. Using a rocket meas:vomw
of the total ion density, Hanson2 has computed the densities or ihy
various constituents, shown in iig.5-2. It will be noted that Savae s

th

.
model predicts that He will be the most abundant ion species irom

about 1000 km to 3500 km, and that H+ will dominate above 3300
Roughly similar behavior is predicted for the neutral compositiov. "
layer of helium is known as the "heliosphere' and the hydroger-demina..o
outer region as the "protonosphere'., The latter refers to the thermal
plasma, not to the trapped proton belts,.

A few direct measurements have been made which verify the existuacs

of a layer of He+ ions, The metlods used by Bourdeau, et al.” and Ly
/,

Willmore, DBoyd and.Bowen* are essentially the same and involve

identification of the ion mass by measuring the effective Rinctlc ¢y

thev acquire as the result of the satellite velocity, 4An r,i, vase

5
spectrometer also has been employed .
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Relatively little is known about the variatione of the dergdn

1

Theo oF
PRGN

and boundaries in the helium and Lvdrogen lavers,

PR
td Q¢i

Lo

Boyd and Bowen shows that the lower boundary of the heliosphere

e Ll

tract from 950 km to below 650 km at night. Strong variations

axLoria

with ionospheric storms have been deduced from whistler cbservarions

Measurements over a long period of time are needed to provide lLasic dat

8

for ion production and recombination calculations,

2, DESCRIPTION

A block diagram of the spherical analyzer proposed for mass cre.
metric analysis of the upper ionosphere is shown in Fig, 3-23 She osemols

is a spherical grid 4 inches in diameter surrounding a 2.7-:

-~ . PR T

collector. A constant regative potential is applied to the cuter .r

so that only the ion currents are measured at the collector, Inm order

to measure the energy spectrum of the ions, a swept positive potertial

plus a small ac voltage (1 kc) are applied to the collector; the sccond
harmonic of the ac collector current (2 ke) is measured and telemetered
to the ground. It can be shown that the 2 k¢ component of the probe

current is proportional to the second derivative of the probe ¢

haraltor-
istic d>i+/dV2 and that the ion energy distribution f(E) is wiver by~
2,
(o - e s
2Ae ver av?
where E = eV
e = electronic charge
m = ion mass
A = collector area
B = grid transparency

Now, the ion energy distribution for each species in a frame at rest
respect to the ionosphere presumably consists of a Maxwellian witl zoro
mean velocity., However, in a frame moving with the satellite welociny
V., the energy distribution for a given species will have a puak

2 . . 2, 2 . \ - :
E = l/ZmVS. The second derivative d 1+/dV will, therefore, ex'
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peaks at energies corresponding to the various ic

area under the peak is related to the concentration ; and the widil, Lo

the ion temperature. This technique has been successfully

slightly modified form) on the satellite Ariel’,
H+, He+, and O+ peaks is readily achieved,

3. INSTRUMENT SPHECIFICATION (see Fig. 5-4)

5
il

MASSCS Prisesi; o

Resolutioen

Dimensions: Sensor: 4" diameter; boom mounted

Electronics: 4" x 6" x 6"
Weight: 35 pounds -
Power: 3 watts at 28 volts
Thermal: -30°C to +50°¢

Data: 200 bits/minute continuous

Mounting: Sensor boom mounted to cicar spacecraft

veed (i

oLt

"

Preferred Orbit: 1000 nautical miles modified sun synchronous

or highly elliptical

B ——
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VI
PLARETOLOGY

1. BACKGROUND

The planetology program is cencerned with the ceondensed matert

o

of the socolar system: Planets {iocluding earti ), mcons, astorcids,
comets, meteorites, and related obliects.

The experiments considered do not pertain te the entire Ji
pline of planetclogy but were concentrated in the areas i in.o-Ui

tion related to the earth, the mooy, and micrometeoroids.



EXPERIMENT VI-A

PHOTON EMISSION FRM DARK ARDAS OF THE 29000

fsid

1, DESCRIPTION OF EXPERIMENT

This experiment is designed to detect and measure light emitteg
from the dark area of the moon, especially in the UV and IR regions that
are inaccessible to earth-based instruments,

Of particular interest is the luminescence sometimes cbserved Juriug
lunar eclipses and the bright spots photographed recently at Pic Ju I4i0:
by Kopal and Rackham.l

To date, the only lunar emicsions that have been studicd lLive voee.

the visible luminescence and the IR thermal emission,
2. DESCRIPTICN OF INSTRUMENT
2.1 Detectors

The instrument consists of two detectors--one for the UV anpd
one for the IR--each provided with a collecting lens, The UV detector
is a photomultiplier with a CsTe cathode and sapphire window which ie
insensitive for ) 3,000 o but responds at shorter wavelengths to ~0 5°
The IR detector is a PbS cell with an inherent long-wave limit of - -
and a chort-wave limit set bv a filter at 0,7 ..,

As seen from the vicinity of the earth, the whole 1ve
moon is never cark except during a total solar eclipse; even tice, Ui
disc is surrounded by the bright sclar corona. The data from a sinpic
photometer aimed at the moon would, therefore, be ambiguous because ricre
would be no discrimination between light originating in thie cark arca
and the reflected sunlight from the bright crescent (or corona during an

e
¢

eclipse). If the photometer is given a scanning motion, howvever,

time sequence of the readings will enable the data to be inturprete

D S U

1Sky and Telescope 27, pages 140-141, 1944

=L
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The scanning moticn will be carried out by means of mirrors

the optical system of the detectors., This metho¢ requires little n wor
and the instrument will be completely self-contaired.

Neither the photomultiplier nor the PbS cell have stable res

sivities, so it will be necessary to include a calibration svstem, Tor

the PbS cell, the calibration source is a small tungsten lamp cperared

)

at reduced voltage. For the photomultiplier, a stable source of UV is
needed. A capacitor charged to a carefully regulated voltage of some

value near 100 V will periodically be discharged through an argon glow
lamp to produce pulses of ultraviolet radiation of constant magnitude,

The lens for the IR region is made of Irtran glass; for

. . . . N = Q - .
UV region, a sapphire lens transmitting to about 1,430 A will be wveocd.
2.2 ZLlectronics

The electronics consists of a power supply, signal ampii:..r~,

a programmer, and & calibration systen,

3. INSTRUMENT SPECIFICATIONS

Dimensions: Box 6 by 3 by 2 inches
Weight: ~ 5 lbs -
Pover: ~ 2 watts, increasing to 3 watts during

catriusration

Data: -~ 20,0070 bits/readout

Magnetic interterence: Instrument not sensitive to
such effects; shielded to prevent
interference with other systems,

Thermal : -20°C to +60%

Mounting: For maxirmum effectiveness requires o
secondary scanning platform

Preferred Orbit: Any

5
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EXPERIMENT VI-B

EARTH ALBEDO

1. DESCRIPTION OF EXPERIMENT

This experiment is proposed to measure the albedo of the earth cver a
wide spectrum extending from the UV into the IR. The spectrum will be
divided into three broad bands; in the UV, from ~ 2000 & to 4000 K, in
the visual from 4000 X to 7000 X, and in the IR, from 7000 £ te 3.3

No spatial resolution will be attempted, that is, radiation will
be accepted from the entire illuminated area of the earth. Sipce the
orbit is polar with its normal pointed at the sun, the satellite will
always view a "hali-carth" by reflected sunlight, but a "full-carth®
by self cmission. The self emission will not confuse the results, how-
ever, because only ~ .03 percent of its cnergy is at wavelenygths iess

than 3.5, the long-wave cutoff of the instrument.

2, DESCRIPTION OF INSTRUMENT

The instrument consists of three simple telescopes, cacl havin-
a suitable detector lccated in the focal plane, as in
three units are mounted in a cluster with their cptic aves arthe o

or, so that the ecarth is viewed at each revclution of

9]
ot

to the spin ve
the satellite (Fig, 6-2). The UV and visual telescopes have fused

e
silica lenses and the IR telescope an Intran lens. The detector for

o}
[o%

)
bt

the UV is an EGS UV-sensitive silicon dicde. For the visual ar
regions, filtered PbS detectors will be used.

Albedo is by definition a relative quantity, hence, it will be
necessary to comparce the energy reflected from the carth with that
received directly trom the sun. This is accomplished by placing a
pclished bead in front of eacht leus, as shtowrn in Figs. 6-1 and -7,

The bead will flood the detector with a small arount or sunltich

-
)
n
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all times, sc that the cutput signal will be similar to the curce

shown in Fig. 6-3. The albedo is found by taking the ratic of

lower signals, V, and Vl.

3. INSTRUMERT SPECIFICATIONS
Dimensions: Optics - &' diam x 6" long

Electronics - 1" x 2" x 4"

Weight - Ontics -« 1 1b Electronice - 1 1%
Weight: ntic 1 1b., tronics 11
Power: 1 watt at 28 volts
Circuits: 3 amplifiers, detcctor biasing circuit,
power supply, AD converter.
- 0, PUNe
Thermal: -207°C to #60°C
Data: 50C bitts/orbit
\ , 0 s .
Mounting: 90" to sun direction
Preferred COrbit: Any
—
[s+]
= I IS AP & ¢t
5 — Sun - Zarth i,
o -
Rl i S Sun o
1. 1

SPIN ANGLE

_— “ ;
rIc., -t Yotect r Sicnal
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ULTRAVIOLET AND INFRARED LUNAR ALBEDC

1. DESCRIPTION OF EXPERIMENT

The purpose of this experiment is to measure the albedo of the moon
in the UV and IR regions of the spectrum to which the earth's atmosn
is opaque,

A spectroradiometer orbiting outside the atmosphere would be auLl
to measure the reflected solar radiation without atmospheric intorference.
Apart from instrument sensitivity, there is no theoretica, 50Tt

wave limit to the spectral range, but the long-wave sensiti

restricted in order to avoid sensing the moon's self-emission. Forrunatei-

this is easy to do, owing to the large difference between lurar and solar
temperatures. The maximum temperature of the lunar surface ic m&OGOE,
which gives max = 7,2y and an energy at wavelengths less than 2,6, of
only 1 percent of the total emission. On the other hand, only 1 percent
of the energy of sunlight is at wavelengths longer than 5.5, so that
taking this wavelength as the long-wave limit, the IR albedo could be
found with small error.

The chort-wave limit is set by the sensitivity of the UV =g

Two factors act to prevent extending the measurements to extremel. . slhort
P -

wavelengths; first, the solar energy falls very rapidly for - C.30

&8

second, the lunar reflectance of short wavelengths can be expected to Lo
very low. As a result, the reflected encrgy available to the seunsor may

be undetectable at wavelengths less than 0.21, although no definite limit

can be set without further study.

168




2. TMSTRUMENRT DESCRIPTION
2.1 Detectors

te instrument will consist of a number of detectors deturmings
by the desired spectral resolution. If only broad-band inrormaticn were
required, two filtered detectors would be sufficient--one in the Ii and
one in the UV. For the finer spectral detail desired, several detectors

will be used and the spectral bands defined bv narrow-band filters. Al-

though a single detector pfovided with a filter wheel would accompiish
the same purpose as a multi-detector system, it would reguire i oowving
part and is, therefore, not feasible.

. Only one detector type is required to cover the range ci wav.-
lengths below 4,000 X, This is the EOS UV-sensitive silicon cell wiich
has high sensitivity to at least 450 S, and good radiation resistarce.
It also has a highly stable responsivity so that in-flight calibration
would not be necessary.

The IR sensor will be a PbS cell, which covers the range
from Q.7 to 3.5 .. These cells have good radiation resistance but do
not have high calibration stability, hence an in-flight calibrator will
be necessary. The calibrator would be a small tungsten lamp operuting
at reduced voltage for improved reliability and .ile,

Lenses are needed to define the fieid of view and to col
useful amounts of cnergy. For the IR region, the lenses will be made
Irtran glass. In the UV region, fused silica lenses are suitable to
~ 2,000 X; but at shorter wavelengths it will be necessary to use
materials such as LiF protected by a sapphire window, or to make the

lens itself of sapphire.

2.2 Electronics

The electronics consists of a power supply, sensor amplificre,
a signal commutator (assuming sequential, rather than parallel, ouvtput:),

a programmer to control the signal switching and calibration functions,
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3. INSTRUMENT SPECIFICATIONS

Dimensions:

Weight:

Povcer:

Magnetic:

Thermal:

Data:

Mounting:

Preferred Orbit:

i o1 Tl .l ST
5961-Final SN

~

Cylindrical can 6 in. diameter by 2 in. long

(assumes 7 sensors, each provided with 1.75 dn.

diameter lens)

~ 2 1lbs

~ 2 watts, except during calibration cycle
when it increases by ~ 1 watt

Instrument not susceptible to magnetic intor-
ference. Will be shielded to prevent inter-
ference with other systems. ,

-20°C to +60°C

~ 2000 bits/orbit

For maximum effectiveness requires seccandary
scan platform

Any



EXFER

ERTOUT 21
FELRT VI-D
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PHYSICAL AMALYSIS OF MICROMETEQORCIDE

1. DESCRIPTION OF EXPERIMENT

The following experiment has been designea to measure flux density,
momentum, and velocity of micrometeoroids.

Micrometeoroids, submicrograﬁ particles of interplanetary matter
traveling through space with speeds as high as 70 km/sec, pose questions
affecting all vehicles put into space. TFor example, prolonged exposurc
to these very small projectiles leads to gradual erosion of the vehiicles’
outer surface. The particles also cause damage to sclar cells and
optical instruments, Micrometeoroid storms may prove to be a scricus
hazard to men operating on the exterior of vehicles such as manned
space staticns, Certainly, the study of micrometeoroids is a matter
of great practical importance, as well as purely scientific intcrest,

Visual, photographic, and radar tracking of meteors along with
various methods of studying meteoritic material reaching the earth's
surface, make it possgible to formulate a physical theory of metecors.

At present, however, these methods of observation are only useful fcr
registering particles with masses larger than lO-4 gram, Certainliy,
the greatest value of these studies is in establishing desipn param-
eters for more complete and accurate instrumentation,

The instrument described in this document was developed by
Electro-Optical Systems, Inc, for Mr. Paige Burbank, of Manned zpace-
craft Center, under Contract NAS9-2787 and consists of a small system
of integrated components., By approaching the problem in this manner,
no single measurement need be compromised for attainment of another.
Furthermore, each component, founded on basic engineering principles,
can be accurately calibrated and utilized for direct measurement of
particle characteristics, By employing two major compounente the syston
will measure {lux density, momentum, and both scalar and vector com-

ponents of velocity of the particles.
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2, DESCRIPTION OF INSTRUMENTATION

The instrument consists essentially o1 a modiiicd ba:

for particle momentum measurements and a Syvstem of tlin

to determine velocity of the micrometeoroid, Once these

are known, the mass and energy of the particle mayv be calc

area sounding boards are employed in the instrument system [or moasures
ment of radiation flux density. A schematic Clagram of the Ifpsiria:

is given in Fig. 6-4. A detailed description of each ¢oryx

sented below,

2.1 The Ballistic Pendulum

The true ballistic pendulum represents a classical dov)

determination of projectile momentum. To apply thie princip:

f
41l

to micrometeorocids in a gravity-free environment, a spring-loade.

is adepted. The theory is best expounded by summarizing appropriate

equations. The conservation of momentum when a particle of mas

2

lides inelastically with a pendulum of mass M is cxpresscd by the

MV = mv Lo
where V. = wvelocity of pendulum after impact
v = velocity of micrometeoroid before impact,

The initial kinetic energy of the pendulum, after impact,
pletely transferred to the spring at maximum deflectiorn, That is

0
1/2 :-1v2 = 1/2 &x~

where # = the spring constant

X

the total deflection of the pendulum,
Equations 1 and 2 can be solved simultaneously for the moment.m mv

of the micrometeoroid. The result is

6961 -Final(I1) 17
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We see from Eg. 3 that the deflection of the pendulum is Jdireci . 1y~

portional to the momentum of the particle. The cons

ality involves both the mass of the pendulum and the spring consta r

of the fiber. Each of these quantities may be measured vory

in the laboratory.

2.2 Velocity Measurement

The ballistic pendulum is utilized not oniy lor

termination but also for the measurement ol velocity, Tt is

Fi.,. 0-5 that the pendulum consists of a particle abscrber with

centric ovuter ring or bumper. The radial distance betioen i Tt
edge of the core and apron represents the transit luterval Conartiios

time of flight measurement., By using this scheme, any

might be lost when the particle pierces rhe onter apron Is trios

to the pendulum; thus, accuracy o: momentum determination is prescivu.
The penetration detectors consist o¢f thin capacitive il

the [irst forming the outer apron, the second wrapped around the core

of the pendulum. When a suitable voltage is applied across each

itor, penetration during a hypervelocity event causes a womeniuYy pooos
in the electrical circuit. TFollowing the event, the capacitor Lol

almost instantaneously and the sy

Y
B

stem is ready for tic oxl punvd

Knowledge of the time interval between twc consecutive puiscs ¢ oo Ti.
distance of separation betwecn the capacitors enabies one to Jinc

velocity of the particle.

2.3 The Flux Counter

.

The flux counter consists of a large-area, ultru-scnsizive

microphone. Electronic circuitry for this omnidirectional device con-

sists of amplifiers, counters, and an appropriate storage ned

Time correlation is planned for the counter and the velocity-m

1 PP

D¢ Lranguilios

detector. At selected times, the information will

receivers on carth.
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3. INSTRUMENT SPECIFICATIORS

The dimensions of the instrument are such that it will fit intc a
cylinder 10 inches high by 10 inches in diameter. TFor optimum operation,
a 360° viewing port is required,.

Input voltage required is 28 V; power.requirement, exclusive of
data conditioning and transmission, is 2 W, Contribution to the magnetic
field of the spacecraft (however small) may be minimized by appropriate
shielding.

Transmission requirement will be approximately 10 bits/seconc.

*

o™




EXPERIMENT VI-E

EFFLECT OF HYPERVELOCITY IMPACTS

&

1. DESCRIPTION OF EXPERIMENT

1.1 Introduction

The experiment about to be described measures the results oi

micrometeoroid impacts on spacecraft structures

By
a CY3ITT sTructur . oY

1.
b ]

bt

oids are small particles of matter traveling through space at " per-

velocity" speeds. They are encountered either as sporadic cvenis o

m

in regularly occurring individual showers. Recent invesctizaticrs -

iizing rocket- and satellite-based detectors have proviled s 7ic

data for the formulation of a cumulative mass-distribution curve a&:.

o

an approximate model of the dynamic properties of micromsteorcid

experimentation is needed, however, to ascertain the effect of hvplorve-

locity impacts on structural surfaces such as the skin of a spacecrsar< .
d

This information is basic to the design of all satellites, an

of manned vehicles operating in a micrometeoroid environment,

ke

A variety of detectors have been developed and flow:, w

varying amounts of success, These include capacitive-punctirc t¥

B

sensors, microphone impact detectors, fracture-gauge impact detectors,
erosion gauges, and photocell-puncture type detecters., Soveral =i "l

types of detectors will be considered in the propeosed prog

ahead, however, the large area rgquirements resulting from prescont :oudies

suggest pressurized cell and capacitive=-puncture type detectors wiici

are readily adaptable to this specific situation.,

1,2 Micrometeoroid Properties

The average cumulative-mass distribution curve for interp'a
etary dust is reproduced in Fig. 6-6.

A summary of micrometeoroid properties pertinent (o 1 is

cussion is presented in ‘able VI-1. With reference oo falile

flux density has been exiracted from the wmulative-m s clenr i
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TABLE VI-1 MICROMETEOROID PROPERTIES AND DETECICR TYPE

Area Approx.
Regquired Depth of
For 10 Penetra- Capaci- Jressire
Mass Impacts Impacts Impacts tion in tive Cell
2 2, 2 Aluminum Detector Detector
(grams) per m /hr per m /yr per m /yr {mils)
10712 2x10° 17.5%10°
107 3x10” 26.4x10° 0.1
10710 3x10" 26.4x10°  0.4x10"
1077 10° 8.8x10°  1.1x107" A
» t
1
1078 2x10t 17.5x10" 0.6x107% 1.0 B
-
-7 -1 2 -2 /!\ H
10 3x10 26.,4x10 0.4x10 f
107° 2x107° 7.5 0.6 c N
4
- i
1077 1074 8.8x107" 11.4 10.0 5




and the sensor area requirements are hased upcn a
10 impacts per year in each mass range, The approximate depil: of perc-
tration in aluminum is also indicated, Various types of detectors will

ize

be required to cover the full range of particle

"
n

, a8 ludicatey in
the last two columns of Table VI-1l. A detailed discussiocn of the

sensors is presented in the following sections.
2. DESCRIPTION OF INSTRUMENTATION

ixperimental objectives of the proposed program are listed below
in the order of their importance;

1. Penetration rate variation with distance from the ear:th

2 L

(s

o)

Impact rate variation with distance from the ear

The primary objective--penetration rate variation with distance rono

the earth--suggests the use of either pressurized cells witl several

different wall thicknesses, or the use of large-area capacitive detecior:

To realize the advantages of both detector types a combination of the
two is recommended for the primary sensor system, FEach instrument is

described below,

2,1 Capacitive Sensors

In general, the capacitive sensors consist of largc-arva parsz’
lel plate capacitors with the electrodes separated by a thin laver of
dielectric material, It is well known that penetration of the char

capacitive sandwich by a hypervelocity particle causes an instantaneors

discharge and subsequent healing so that the capacitor is veadv for he
next event, ’
The advantages of this type of sensor speak for themselves,
Sampling area can be made large for interception of a broad particle-
mase range, The capacitive sensor has a long life and, by fabricating
in electrically independent segments, high reliabilicy, 1t is ideallw
1

e LoTmad

suited to material studies since the specimen electrodles may

with a variety of metals of varying thickness,

e

oo
o]
.



A major disadvantage of the capacirive sznsor Is
rence of erroneous outputs due to spurious electron discharies
is, electrons intercepted by the sensor during the course oL zus i

accumulate in the dielectric. When the imposed potertial exs

dielectric strength, a discharge occurs which is erroneously recorded

as a hypervelocity event, Identification and elimination of unwanted

spurious discharges may be achieved through the use of anticoincidence

type detectors, radiation monitoring systems or through the use of
special discrimination circuits,

2.2 Pressurized Cells

The pressurized cell is an excelleat sensor [Or pute tTAT0n wEpE T
ments. In general, the detector consists of pressurized hormmivica: -

exposed to the micrometeorcid flux. Shell thickness and, hence, dept
of penetration is selected on the basis of experimental requirimeni:s.
The puncture of any particular wall is signaled by a bellows switch

located within the cell, 1In the past, a mixture of nitrogen and helium

has been successfully used for the pressurizing mediuvm. The Hxplorer (o

o

Micrometeoroid Satellite employed pressurized cells with a mizimom

thickness of 0,001 inch,

Advantages of a pressurized cell are many.
has a high reliability, is not subject to erroneous results Jow o oled

(such as often occurs with microphone detectors) or tO spurliovs <lsCizin

discharge (a major drawback of the capacitive system;. Althor

1

ably large sensor areas (several square feet) can be deployed, the pres-

surized cell array does not have the large-area potential of the capacitive

PR
111}

jab)

sensor., It is also difficult to produce very thin (fractien of
cell walls--which limits the sensitivity of this device to particles

greater than about 10-7 grams,




3. INSTRUMENT SPECIFICATIONS

[N

The contemplated system consists of a combination of capacitive

detectors and pressurized cells., It is visualized that the

capacitive sensors will be mounted on retractable structures and de-

flush with the satellite shell,

1 NoneomAds=Faern Thia bo o~
Set LApaCilive & LeCitorTs

categories, They are described below,

\ Catezory A, his detector unit is designed for detection of ooy
. . ' -9 S : :
tion by particles of mass less than 10 grams, With reivrence to Tip,

the detector consists essentially of two capacitors mounted on a sub

o

"

Electrode material and thicknesg are selected in such a

¥
)
[

tratiogs of the first, but not of the second, capacitor are indicativy
of the desired mass range., Particles penetrating both capacitors are

-9 . . A
deemed larger than 10 grams and are not counted. Aluminum 0,3 =i! thick

has been shown as the specimen electrode, Other metals ~f appropris-e

| thickness may be used. With reference to Ta%le VI-1, it is czen

i area of the detector may be very small (a few square i.c ior g

| site number of hits during a l-vear lifetime,

? Category B, This detector is designed for penetratjor bv par: i =

in the mass range 10-9 to 107 grams. A schematic Cross zeciion
in Fig, 6-8. Except for the thickness of the cuter electroie. it is
tical to the Category A detector, Again, only particles peinzirati-z i«
first, but not the second, capacitor are counted, With reference to
Table 1, an area of a few square inches is seen to be sufficient for rhe

desired number of hits during a l-year mission,

Category C. This capacitive detector is designed for penstrat
-7

-{3
particles whose masses lie in the range 10 Y to 10 grams, A3 In Uil

earlier cases, two capacitors are used to separate the large particle

penetrations from the rarge of partic.cs Josire.,  Toothe case o8
CRENCH S L

ployed in space, whereas the pressurized cells will be permanentiy mouni.d
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the thicine of the boe apnr
With reference to Table VI-1, the nucessary arca

o]
rt

approximately 7 square feet. This is sufficic

10 penetrations during a l-yeldr lifctine. It is

contenplated

the capacitors will be laminated on styrofoam pancls of about

foot each.

To prevent misleading results due to spuricus clectron diccly

a third, very thin (U.25 mil) capacitive sandwich iz in-iuded
s y

outermost detector. Ceincident discharge in the

may thus be used as the criteria for a counted hi

depicted in Fig. 6-9.
Categorvy D, Due to the exponential nat.

tion curve, the increase in sensor arca ‘or

cant number of hits becomes a critical consideras
-0 . . ;

mass greater than 10 ~ grams. It is apparent that in thc plan

this satellite the desire for a broad range of penetration must

tempered by the cost of deploying larze surface areas.

vy ..
outcer two

ion for ocarti.

studies indicate a minimum necessary deplovable surface are:

square fect.

The Category D detector is illustrated in Fiz., ©-10.
its large area and greater specimen-clectrode thickness, it i
to the Category C detector. A thin outer capacitive

included for elimination of erroneous results, due to spurio:s

tron discharge, by coincidence detecticn. TFor the case of an

outer electrode, the metallic thickness is 10 mils. The dotac

5 -0 -5
intended for a mass range 10 = to 10 7 grams.

3.2 Pressurized Cell Detectors

Since pressurized cells are not amenable to lar.c

deployment, they will be mounted on the spacccraf

t bus flush

Prelini

outer surface. Each unit in the array consists of a pressuriced

hermetically-sealed semi-cvlindrical cell.

feet of detector area is recommended.
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Several combinations of cell wall =a-
be used. With refcrence to Table VI-1, it is noted that suricce areo
restrictions limit the lar.e particle investi,aticons to
grams, and minimum thickness considerations (about 1 mi
lower limit for particle mass of 10—8 grams. TFor the case of stain-
less steel, the wall thickness should not exceed 2 mils, whereas it

may be as great as 6 mils for aluminum.

3.3 Instrument Svstem ané Electronics

A schematic diagram of the instrument system conii

is shown in Figz. 6-11. The pressurized cells are mounted on th.

flush with the velicle skin. A toral of 32 cells is emploved wich an
cxposed surface area of 6 square feet. £
sandwiches are mounted on the under s<ide cls

The total exposed area of these detectors if 750 s;uare inches.
Structural and packaging considerations pelfmitting, the Uateoury U

detector may be mounted on the under side of the solar panel,

It is articipated that the pressurized cells will corsai
gas at about 1C psi over atmospheric pressure so that thc presEure E5vioo
would be closed on the ground, thereby previding a check pricr o 1laoo. .

The switch would open if the pressure in the cell

The weight of each cell is 0.14 1lbs, hence for 22

7

is 4,5 lbs. An additional 15 lbs of mounting hardware,

[=R
.
¢

will be required. Approximately 1 volt of electrical potential

The weight of the Category A and B detector Systuew, i.ci ding
hardware mounting, wire and plugs, is less than 5 lbs, This iigure is

approximately 10 1bs for the Category C detector, The electrical regouire-

ments for the capacitive detector system is 43 volts

requirements,

The electrcnic package for the entire svstem will coos. o
appropriate ‘rigger circiits, counters and storage, 1t will woi -

]

{

. . 1 e I PR | e e
¢ less than 1 watt of electrical prower.

f
4

proximately 2 lbs and requi

i
i

‘e

€
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HEMICAL 47 AL

1. DESCRIPTIO! OF EXPERIMENT

1,1 Introduction

The following sections describe an experiment involvi

analysis of carbonacecus meteovroids

Recent studies of carbonaceous chon ndrites collected on

have disclosed similarities between their mass spectra arg iat

Y

restrial hydrocarions, These results hLave peen interpretud ae

for the biclogical origin of meteoritic compounds, ﬂowever, d
& & P

of possible contamination of museum Specimens reduce the sgil
p p po

drawing absolute conc1L5101 . Chemical aralysis of u-co
during a space flight m1551on is thus a Necessity, an alm.oct ab

ingredient to the current experimental program,

1.2 Carbonaceous Chondrites

Meteoroids are particles of matter traveling through
hypervelocity speeds, Although their coll €ctive mass may reac

of tons, the proponderence of particles lies in the

=0 T ) ..
10 grams, It has been found that MOSt meteoroids 1a

ng

By
PR

classes: the stones and the irons, 1In the stony samples, or acrol

elements are distributed in much the same ratio as thev have e

on earth, Oxygen, silicon, magnesium, and iron pPredominate, T

e

meteoroids, or siderites, however, are usually about 90 percent iron

up to eight percent nickel,

An important subgroup of stony meteoroids are called
because they contain small round bodies, or chon drules,  These
consist of the magnesium-iron silicates, olivine and pyroxene,

variety of chondrites which contaired CATDONACEOUS WALES r were

in 1834, An excellent description of thege melteorites b Hpiae
' oYY ooy
Matter from  Space', srica




nlike other meteorites, the carlovacen s o ool

vlack, friable objects, They arc characterized v (o proco-on o0 oo

appreciable awount of carbonacecns material o'ber 'har fvoe caroo
96

in a carbonaceous meteorite, Thev

these compounds and those formed ..

possibility that the meteorite contained products of extraterresiy 4.

The volarile fraction of the organic material consisted lavoely 0! fu i1

ated hydrocarbons (compounds in which all the availalic .o

atoms are occupied by hydrogen atoms)., Such

ancient terrestrial sediments and pelroicurn.,
p

ing paraffins and cyclic hydrocarbons, and showed 1o relat ve o- - s
of compounds of different molecular weights in cach croup, Tl Lowos -
gators found similarities between these mass spectra and tios. o Lo
hydrocabrons in butter and otlier material of known bicleogical oriugis

A serious drawback to all investigations of carboraoes

ites collected on the earth's surface is the possible prescoer of tovroa-

trial contaminants, According to Briar Mascn, ma Vol L &
chondrites are highly porous, v £ atuosphere r (5
vacuum of space, thev must have Tair avd min G

organisms, Also, the particlec ma
they are picked up, and then thev are ueeralls pas-oa Liron Lo s

before reaching a museum collection., In the muUSCum, Lie meieoTloor oar

subject to contamination not only by local bacteria, SpPOTCS poilan,
but also by exotic organisms carried in with cother collections Trom vl
wide sources, Certainly, it would be remarkable not to a varig ¢

terrestrial microorganism in them.
In summary, the possible existence of extraterresiria. 1: . o3

been enhanced by promising evidence found in carhonaccons e RN




discussion,

2. DESCRIPTION OF INSTRUMENTATION

2.1 General

The instrument contemplated for in-situ anaivsis of meteoraios

consists essentially of a target plate and a mass spect

metric arrangement of these components will permit vaporized v

constituents resulting from,meteoroid impact

sampled and analyzed by the mass spectrometer, Ir tls

flighit laboratory, the mass spectrogram will be avai

to the crew so that appropriate modification to experimen

can be made,

2.2 Target Area

Of the 700 or so meteorites that have been collected

dratroy
having been seen to fall, only some 20 are carb Trite
is likely, though, that the true abundance of carben 2 S
may be considerably greater since they are very : ;
and are often quickly destroyed by weatheri: ce this vallid
we shall adopt, should be considered as a minivum,

The average cumulative mass distributive Cus o

oids is given in Fig. 6-6. With reference to this fivure §¢ b

that a target area of 10 sq c¢m will result i approxi

-10 .
per hour of particles whose mass is 10 gram or larger., {'si
ratio 20/700 for carbonaceous particles, we can expect a =mitinem
14 hydrocarbon analysis per hour,

It should be noted that this calculation is haszcd o

for near earth vicinity. For interplanetary

the result may be reduced by a factor of 10

4
]
-

)

L]




1t is worthwiile, at ('is point, o monsyral
cid will completely vaporize as a resuic of Copervelocd T3
instrument target plate. Since the lLeat of vaporizatrion of (v 2
times that of the hydrocarbon constituents, we Sclect that ¢ lor. oY &
worse-case analysis,
. R B . - e i A s
Iron has a melting point of 1535 C and boils at 4000 C, The

specific Heat is 0,16 at IOOOOC, hence the heat of

vaperizalior ie approx!

t
&

- , me 1 n 0
mately 480 cal/gm or very nearly 2x10

2N /1 is o UL NP T \ 4
joules/kg, The enero oo

meteorcid is given by

trl
!

3
= 17207 foules

or

Particle speed lies in the range 10 i

misec to YU W Sseo, Tor oa o oa
speed of 30 km/sec we have
- 3.2 - & )
E/M = 1/2(30x107) = 450x107 ioules/kgp

6
which is 450x10 /2x106 or 225 times the energy act

It should be pointed out that tle erergy reieascd aL impact s
insufficient for constituent ionization and electron TETT must
utilized in the mass spectrometer,

2.4 Mass Spectrometer
-

Many different types of mass spect 2vnlla
adaption to space flight instrumentation, auielic de- .
flection, cycloidal focusing, Bennett R,T,, the Omesatron, and rimo-
of-flight mass spectrometers. Certain aspects of the Cime-oi-1 @kt

mass spectrowwtler make it especiallv attiracoiive jov

S

It is a lightweight, rugged instrvrent witl re orte  ea 1o 3
as 1 part ir 100C at all masses, oo devic:s tas to . :
results in meteorite si T ol

In the non- coyomelor L Lot r
electron heam and ion A ¢oar
receive the same ener 5 B




lightest iong reach

ions of heavier mass.

first and are {-1llows

scanning is used

ek ~

dont o vweiooniy,

wod i CEnEI0
the s

amplifier needs a wide lLandwidth to avoid widening the individnal lon

peaks and thereby reducing resolution,

be placed near the

detector.

An ion selecter prid svstem may

The grid is excited once cach cycle, and

only ions gaining titis extra erergy can pass a repeller grid, thuc

eliminating the wide bandwid

T
TVSTRIMENT

[

A conceptual

The target plate

S

™ : y
MR SEU S G O C

The cylindrical time-of-fl

requirements on the ampli?

alvzer iz s
., 1
borical sholl o«

_such manner that tle ion scurce is approxinately in

shell. A rigid boom froem the spacecraft replaces one

R =
O
U4 racius i

of the scoon

panels and supports the device and permits a 27 steradian field of

view.

It is estimated

of electrical power
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LIOSCIENCE

The experiments considered in this discipline place”

on the configuration, data handling, telenetry and envirom:
subsystems of the spacecraft which is bevond their caspabilitiecs in

oscience experiiwiss aro oim-

pede

present configuration. Therefcre, nc b

tained in the cataleg.
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